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EXPERIMENTAL NEPHROTIC EDEMA ^ 

LOUIS LEITER, MD 
With the Technical Assistance of 
M Ele-inor Blish, SB, and Dorothi R Gaston, PhD 

CHICAGO 

Richard Blight ^ was well aware of the eftects of prolonged albu- 
minuria on the sei um proteins, because he actually obtained quantitative 
anal} tic data with the help of friends who were chemists He believed 
that the thin, watery plasma filteied out into the tissue spaces readily, 
thus pioducmg diopsy It is obvious that he considered renal edema 
as unifoim in t}pe and m causation For almost a hundred years 
clinicians and ph}siologists failed to distinguish between the different 
forms of diopsy occuriing in Bright’s disease and sought to explain 
them all on a single basis The expeiimental work on edema reflected 
accuiateh the pi evading clinical theoiies Thus Bright’s theory of 
hydremia as the cause of edema was put to the experimental test by 
Cohnheim and Lichtheim ^ and found wanting Similarly, the role 
of oliguria and hydremic plethora defended by Bartels ^ and Graingei 
Stevait'* was more or less definitely disposed of by the classic experi- 
ments of Cohnheim and Lichtheim, ^ Magnus ° and others There 
remained only one unassailed, and apparently unassailable, universal 
theor} of renal edema — Senator’s® conception of increased peimeability 
of the capillaries secondary to toxic injury, expressing itself in the 
glomeiular capillaries by albuminuria and anatomic renal disease, and 
m the cutaneous and serous capillaries by edema The postscailatinal 
nephiitis with edema was the keystone of this theory There was ample 
experimental support for the association of edema with capillary injur} 
The woik of Cohnheim and Lichthenn,^ Magnus.^ Richter,' Geoig- 

' Submitted for publication. Sept 14, 1930 

' From the Lasker Foundation for Medical Research and the Department of 
Medicine of the University of Chicago 
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opulos,® Heineke and Meverstein® and Peaice^® cleaily demonstrated 
the dependence of edema on damage to the capillaiies by such irritants 
as heat, iodine, arsenic, chloioform, metabolic pioducts in a dying 
animal, snake venoms and especially tiianium nitiate The analogy 
between the experimental edemas and the drops} of Bright’s disease 
seemed very close 

It IS a cuiious fact that it did not seem to occui to an\ one of the 
numerous investigatois of this problem to compaie human and expeii- 
mental edema fluids in a quantitative mannei, although scatteied analyses 
were published on one oi the other sepaiatel} This was an important 
and far-reaching omission, because it delayed the pioper clinical lecog- 
nition of Starling’s contiibutions to the physiology of fluid exchange 
for about twenty years Starling^- had shown in 1896 that the colloid 
osmotic pressure of the plasma proteins was a measurable foice and 
one quantitatively adequate to effect the leabsorption of ph}siologic 
tissue fluids into the vascular capillaries Necessar} coiollaiies of his 
theory were the relative imperraeabiht} of the normal peripheial capil- 
laiies to the plasma pioteins and a low concentiation of protein in 
normal subcutaneous tissue fluids Theiefoie, wdien Epstein demon- 
strated by systematic quantitative analysis of edema fluids in patients 
with Bright’s disease that in some cases the piotein content w’'as extremely 
low, and when lie^^ later w'as the fiist to appl} Stai ling’s concept b} 
explaining the edema of nephiotic Bright’s disease as the result of 
marked albuminuria and decreased concentiation of plasma piotein 
the older theory of inci eased permeability collapsed foi nephrotic renal 
edema, because, with the capillaries injured and moie peimeable, the 
edema fluid should ha^e a consideiably highei piotein content than 
was actually found One began, therefore, to distinguish betw'een 
nephrotic, low protein edema and nephiitic, high piotein edema The 
former was a true transudate or ultrafiltiate of the plasma, something 
approximating the cerebrospinal fluid oi the aqueous humor, while the 
latter w^as much more like an inflammatoiy exudate 

This distinction between clinical edema fluids, when applied to the 
expel imental edemas produced up to 1917, leads to the oIdmous con- 

8 Georgopulos Ztschr f klin Med 60 411, 1906 

9 Heineke, A , and Meyerstein, W Deutsches Arch f khn Med 90 101, 

1907 

10 Pearce, R M The Production of Edemas, Arch Lit Med 3 422 (June) 
1909 

11 Starling, E H Lancet 1 1267, 1331 and 1407, 1896 

12 Starling, EH J Phjsiol 19 312, 1896 

13 Epstein, A A J Exper Med 20 334, 1914 

14 Epstein, A A Am J M Sc 154 638, 1917 

15 Beckmann K Deutsches Arch f khn iMed 135 39, 1921 
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elusion that all of the eailier expeiimental edemas weie of the exudative 
type, nch in protein and undoubtedly based on more or less extensne 
capillaiy damage with resulting inci eased peimeabilit} to the plasma 
proteins Therefore, no one had really pioduced a nephrotic edema 

THE PROBLEM 

The problem Avas lelatnely simple as it piesented itself in 1925 
At the suggestion of Di D D Van Slyke, woik was begun on dogs 
with the specific aim of pioducing, by means of expeiimental hypopio- 
tememia, an edema fluid low in piotein If renal, caidiac and capillaiA 
damage could be excluded as significant factors in this edema, the 
Starling- Epstein theoiy of nephrotic edema would find its first diiect 
expeiimental confirmation It was recognized at the outset that an 
adequate suppi} of salt and water was an important accessory factoi 
for, regardless of the geneial tendenc}'’ to edema as the result of the 
experimental procedure, little transudate could be foimed without fieeh 
available salt and water The most impoitant single feature of this 
work was considered to be the deteiminatiOn of the protein content 
of the expeiimental effusions Without such quantitative data no 
conclusions could safely be diawn as to the pathogenesis of the experi- 
mental edema 

Since the fiist prelimmar}' publication of our results^® the problem 
has expanded in various directions, and at present involves the question 
of experimental nephiosis,^' that is, the whole nephrotic syndrome, 
the renal lesions supposed to result from plasmapheresis and othei 
phases on which no final statements can yet be made It may be said, 
howevei, that the original simpler problem has been solved with a 
reasonable degree of certainty Theie is no doubt now as to the rela- 
tionship between low plasma proteins and a nephiotic t3^pe of edema 
in dogs That the same situation may hold true foi labbits was sug- 
gested earhei by Fishbeig and Fishbeig,^® but they obseived no gioss 
edema, and therefoie had no mateiial available for anahsis 

METHODS 

Physiologic — Dogs that weighed between 10 and IS Kg were ordinanl}^ used 
They were kept on the standard diet of a mixture of bread and meat without exact 
quantitative control Water was allowed ad libitum The animals vere bled 

16 Leiter, L Proc Soc Exper Biol & Med 26*173, 1928 

17 Barker, M H , and Kirk, E J Experimental Edema (Nephrosis) in 
Dogs m Relation to Edema of Renal Origin in Patients, Arch Int i\Ied 45 319 
(March) 1930 

18 Barker, M H Proc Soc Exper Biol & Med 27 608, 1930 Barker 
and Kirk (footnote 17) 

19 Fishberg, E H, and Fishberg, A M Proc Soc Exper Biol S. Med 
25 296, 1928 
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usually from the heart, by suction through a 3 inch gage 16 needle connected with 
a 250 cc pyrex centrifuge bottle containing 20 cc of 5 per cent sodium citrate 
solution as an anticoagulant The blood was centrifugated for one hour at high 
speed, the plasma pipetted off as completely as possible, and the erythrocytes resus- 
pended in the equivalent volume of a modified alkaline Locke’s solution containing 
7 Gm of sodium chloride, 2 Gm of sodium bicarbonate and 0 42 Gm of potassium 
chloride per liter of distilled water In order to save time, the erythrocytes 
obtained at one bleeding were not used until the next, a donor’s red blood cells 
being injected at the first bleeding In view of the tendency to a decrease in the 
volume of red cells in these experiments, donor’s erythrocytes were added as 
necessary to bring up the volume of the cells of the injected mixture to about the 
normal value of from 45 to 50 per cent Occasionally reactions were observed 
suggesting incompatibility of bloods, but these were so rare as to warrant the 
omission of routine tests for iso-agglutinins The dogs were usually bled twice 
daily, and ordinarily between 400 and 500 cc of blood would be withdrawn at each 
sitting It was found advisable to begin reinjecting the warmed erythrocyte-sal me 
suspension after the first bottle of blood had been drawn The rest of the bleeding 
would be carried out while the suspension was running slowly into one of the 
veins of the leg In this way serious shock was avoided, and the dogs were usually 
quite normal immediately after the procedure was completed Puncture of the 
right side of the heart was safer than that of the left, because of the course of 
the coronary vessels With a little preliminary training the animals could be bled 
without the use of any anesthetic or hj'pnotic drug When bleeding from the 
external jugular veins was carried out, the dogs were kept sitting up and the 
head held high by an assistant, or else they were tied down on their backs while 
the head was allowed to project beyond the edge of the table and the snout 
strapped to an iron rod An assistant compressed the vein just above the clavicle 
No aseptic precautions were employed beyond ordinary cleanliness of glassware, 
needles and solutions Usually 1,500 cc of 085 per cent sodium chloride solution 
was given daily m divided doses, by stomach tube Edema fluid was obtained 
from the subcutaneous tissues by puncture of the skin with a large needle, care 
being taken to avoid drawing blood Gentle squeezing of the surrounding tissues 
would yield enough fluid for analysis Ascitic fluid was drawn off by syringe 
or suction through a large needle or at autopsy Samples of blood were usually 
drawn from the external jugular veins and transferred to appropriate containeis 

Chemical — The plasma proteins were estimated from the difference between 
the total nitrogen and the nonprotem nitrogen of the plasma, the following formula 
being used 

[Total nitrogen (grams per liter) — nonprotem nitrogen (grams per liter)] 
X 0 625 grams of plasma protein per hundred cubic centimeters 

The Koch-McMeekm 20 digestion method was used m the determination of 
the total plasma nitrogen The distillation was carried out without transfer of 
the digestion mixture to another container Tenth-normal acid and alkali were 
used m the titrations, with alizarin sulphonate as the indicator The nonprotem 
nitrogen of the plasma was also determined according to Koch and McA'Ieekm’s 
method up to the end of the digestion process The ammonia nitrogen was then 
distilled over into fiftieth-normal sulphuric acid and titrated wnth fiftieth-normal 
sodium hydroxide, phenol red being used as the indicator 

In the fractionation of the plasma proteins into albumins and globulins 
Howe’s method was used for the precipitation of the globulins by means of 


20 Koch, F C , and McMeekm, T L J Am Chem Soc 46 2066, 1924 

21 Howe, PE J Eiol Chem 49 109, 1921 
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22 2 per cent sodium sulphate The entire procedure was carried out in a ther- 
mostat held at 37 C, and an interval of three hours elapsed betueen the precipita- 
tion and the filtration The water-clear filtrate was analyzed for nitrogen b^ the 
method given for total plasma nitrogen This value was subtracted from that of 
the total plasma nitrogen to give the globulin nitrogen The albumin nitrogen 
was obtained by subtracting the nonprotein nitrogen from the filtrate nitrogen 
The factor 0 625 was used to convert nitrogen values per liter into protein values 
per hundred cubic centimeters 

The serum calcium was estimated by the Clark-Collip 22 modification of the 
Kramer-Tisdall method The carbon dioxide content of the serum was obtained 
by means of the manometric procedure of Van Slyke and Neill 23 The cholesterol 
of the blood was determined by Leiboff’s 24 method until April 25, 1929, and from 
then on by the following method Extraction of 02 cc of blood by 12 cc of a 
3 1 alcohol-ether mixture was carried out m the presence of kaolin After thirty 
minutes, the mixture was centrifugated and the supernatant liquid decanted into 
a beaker, allowed to evaporate over night and the residue extracted with chloro- 
form The usual colorimetric procedure based on the color developed with acetic 
anhydride and sulphuric acid was then completed The standard consisted of 0 4 
mg of cholesterol in 10 cc of chloroform 

All of the chemical determinations w'ere done in duplicate and blank analyses 
on reagents were frequently made 

Anatomic — Autopsies were performed by us on practically all of the dogs, and 
the various organs, with the exception of the central nervous system, were care- 
fully examined Histologic preparations were made from material fixed in a 
diluted solution of formaldehyde, U S P (1 10) Unstained frozen sections 
of the kidneys and liver w'ere studied with the polarizing microscope for the 
presence of doubly refracting lipoids (cholesterol esters) Great pains were taken 
to exclude confusing crytalline and amorphous precipitates, and in every instance 
the slide was tvarmed to bring out the characteristic fluid crystals Without this 
precaution error is easy for the inexperienced investigator Scarlet red was used 
as the stain for fat, with or without hematoxylin as a counter-stain Paraffin or 
celloidin sections of various organs and tissues were prepared by standard methods 
and stained with hematoxylin and eosin Blocks were cut from various portions 
of both kidneys, so that many sections were available for detailed scrutiny and 
a truly representative picture of the anatomic changes were obtainable 


RESULTS 

In the preliminary lepoit published in 1928^® and based on suc- 
cessful experiments on ten dogs, it was stated that “the edema usually 
begins when the plasma proteins have fallen to 3 per cent or less and 
recedes with a rise above that level if daily bleeding is discontinued 
Observations are now a^allable on more than forty dogs with var)mg 
degiees of edema Table 1 shows the values for the plasma piotems 
in relation to the beginning and the decrease in gross edema Unfortu- 
nately, it was not possible in all instances to estimate the plasma proteins 
for the day on which the changes in edema occurred It is apparent, 

22 Clark, E P , and Colhp. J B J Biol Chem 63 461, 1925 

23 Van Slyke, D D , and Neill, J ]\I J Biol Chem 61 523, 1924 

24 Leibofif, S L J Lab & Chn Med 10 857, 1925 
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however, that in general gross edema developed when the plasma pio- 
tems had fallen to about 3 per cent, and that definite decrease in edema 
usually occurred at a concentration of plasma protein between 3 and 
4 per cent Edema was never observed to begin when the plasma 
proteins were above 4 3 per cent and was never absent when they fell 
below 2 5 per cent, provided these respective levels for protein ere 
maintained for twenty-four hours Gioss edema was chosen as the 
criterion in all these observations since it is something that can be 
seen, felt and weighed and does not require intricate calculations i egard- 
ing the total water metabolism of the animal 


Table 1 — The Pei cottages of Plasma Piotcm Dm mg Inci casing and 

Dect easing Edema 



Onset or 

Decrease 


Onset or 

Decrease 


Increase of 

In 


Increase of 

in 

Dog 

Edema 

Edema 

Dog 

Edema 

Edema 

4 

3 01 

4 74* 

37 

2 72 

400 

10 

3 40 

4 62* 


3 33 



3 82 


38 

358 

4 25* 

11 

2 95 


39 

2 89 

3 80 

14 

4 16 


41 

3 71 

4 62 

15 

2 86 



300 

4 77* 

16 

2 71 

3 57* 

46 

238 

2 QG* 

17 

2 89 

2 64 

47 

3 70 

414 


3 07 

3 32 

50 

3 04 



217 

2 92 

53 

3 80 

3 88* 


182 

3 20* 

54 

2 89* 

4 14* 

20 

2 32 


55 

3 24 


23 

2 42 

2 93 

56 

2 04 

3 84* 

26 

2 84 


57 

2 57 

3 03* 

27 

2 98 



2 73 


28 

4 31t 


60 

2 78t 

3 64* 

32 

3 94 


70 

3 0St 

3 46* 

33 

3 09 

4 03 


214 

3 70* 

34 

3 70 

4 20 

71 

238 

3 74* 


2 88 

5 34* 

73 

3 43t 



3 54 

3 90 

86 

2 48 

4 03* 


3 68 

4 16* 


3 sot 

3 06 


3 12 

415 


3 54 

3 91* 

35 

2 42 

4 17 

89 

2 78 

514* 

36 

2 89 

4 60* 

90 

2 04 

3 44* 


2 28 

300 


2 37t 

2 38* 


2 94 

3 32 


3 20 

4 48* 


3 42 

4 91* 





3 39 

3 94* 





2 70 






* Twenty four hours or more after decrease in edema occurred 
f Twenty four hours before edema appeared 


The relation between plasraapheiesis, concenti ation of plasma pio- 
tein and edema is well illustrated in the protocols given in tables 1 to 4 
and in figures 1 to 5 Whenever depletion of plasma is omitted foi 
a single day, a prompt rise in the plasma proteins usually follows along 
with a definite decrease in the weight of the animal This loss of 
weight is largely the expression of diuresis and disappearance of edema 
The final weight leached may be consideiably lower than the oiiginal 
control weight because of the deci eased intake of food and the bieak- 
down of tissue during the period of the expeiiments 



Table 2— Protocols of Dogs m Which Edema Developed as a Result ot 

Depletion of Plasma 
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Comment 

3/20/28 

10 0 

870 

810 

9 44 

0 38 

5 66 

1,500 

This evpcrimont vas parti^ oh 

3/27/28 

10 8 

895 

895 

4 48 

0 30 

2 61 

' 1,000 

Ecured b'^ the mistaken use o,. 

3/28/28 

11 2 

920 

895 

4 48 

0 83 

2 28 

1,500 

pituitarj extract subcutaneou‘-l\ 

3/29/28 

11 6 

920 

920 

4 81 

0 49 

2 70 

1,500 


3/30/28 

11 8 

460 

460 

5 11 

0 30 

3 01 

1,000 

Edema of vails of abdomen ami 









chest 

3/31/28 

11 2 

460 

460 

5 45 

0 33 

3 20 

1,800 

Edema increasing 

4/ 1/28 







600 

Edema receding 

4/ 2/28 

10 2 

870 

920 

7 85 

0 27 

4 74 

1,500 

No edema 

4/30/28 

10 6 

1,150 

1,150 

8 56 

0 21 

5 22 

1,500 

Some shock 

5/ 1/28 

11 0 

3,275 

1,275 

4 96 

0 41 

2 84 

1,500 


51 2/28 

11 0 

810 

810 

5 78 

0 25 

3 45 

1,500 

Moderate shock 

5/ 3/28 

11 0 

1,205 

1,380 




1,500 


5/ 4/28 


410 

460 

5 85 

0 40 

3 40t 

1,500 

Edema of the legs, 25 cc of ascitic 









fluid aspirated 

5/ 5/28 

12 0 

435 

460 

6 73 

0 23 

4 06 

1,500 

Edema more marked on abdominal 









wall 

5/ 6/28 







500 

Edema receding 

5/ 7/28 

10 8 

920 

920 

7 76 

0 36 

4 62 

1,500 

No subcutaneous edema, 00 cc of 









ascitic fluid aspirated 

5/ 8/28 

10 6 

920 

920 

6 33 

0 22 

3 82 

1,500 

Edema returning on lover part of 









abdomen, 225 cc of ascitic fluid 
drawn 

5/ 0/28 

11 2 

920 

400 

5 85 

0 24 

3 51 

1,000 

Increasing edema and ascites 









photographed, death from nciitc 
hemopericardium 

5/10/28 


335 

335 






5/11/28 

11 2 

360 

360 

10 42 

016- 

6 40 

1,000 


5/12/28 

11 0 

385 

410 

9 62 

0 33 

5 80 

1,000 

Vomited about 400 cc of saline 








with food 

5/14/28 

98 

820 

800 

8 33 

016 

510 

1,600 


5/15/28 

10 6 

920 

1,000 

6 73 

0 22 

4 07 

1,500 

Chills 

5/16/28 

11 2 

920 

1,000 

513 

0 41 

2 95 

1,500 

Edema of external genitalia, but 









tocks and perineum, 150 cc oi 
ascitic fluid aspirated 

5/17/28 

116 

895 

1,000 

512 

0 21 

3 07 

1,500 

Edema spreading over wans of 








abdomen and chest, photographed 

5/18/28 

12 8 

895 

1,000 

4 08 

0 41 

2 29 

1,400 

Carbon dioxide content of scrum. 








24 02 millimols, increasing edema 
of the legs and parietes, much 
ascites 


5/19/28 

13 2 

435 

500 

3 52 

0 25 

2 04 

1,500 

Carbon dioxide content of serum. 








19 9 millimols, serum calcium, 5 02 
mg , enormous dependent edema 
considerable coughing 



5/20/28 

14 0 







Found dead, marked pulmonar\ 


edema, no pericardial effusion 
1,500 cc of ascitic fluid, e-ctremp 
anasarca 


“ In this and the folloTvinp tables the figures m this column represent the theoretical voluiuf 
of blood corresponding to the actual volume of packed ervthrocvtes, assuming i normal 
erythrocyte plasma ration of 1 1 

t Blood sample taken after first dose of saline 
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Fig 1 — Showing the occurrence of edema and sharp gam in weight as the 
concentration of plasma proteins is reduced by acute plasmapheresis The curve 
for dog 16 also illustrates the immediate decrease in weight due to diuresis, which 
occurs when the plasma proteins are allowed to increase above the critical level 
for edema 
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Fig 2 — Periods of edema synchronous with levels of plasma proteins at or 
below 3 Gm per hundred cubic centimeters In each interval between periods of 
plasmapheresis, the weight drops rapidly as the plasma proteins are restored 



3 In this dog, the edema produced by plasmapheresis was exaggerated by 
the intravenous injection of Locke’s solution administrated on the day preceding 
each of the last two peaks in the weight curve 
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The time of the first appearance of edema is inteiesting because it 
indicates the dependence of the transudates on the reduction of the 
plasma proteins In most of the dogs used earhei, edema was first 
observed after from three to se\en da>s of vigoious plasmapheiesis 


Table 3 — Ptotocol of a Dog uith Recti} tent Pet tods of Edctna Dating 

Plasmapliet esis 
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7 54 

0 14 

4 63 

10 53 

1,000 

6 25 

0 28 

3 74 

8 94 

1,500 

4 72 

010 

2 89 

7 86 

1,500 

3 04 

0 30 

1 71 

8 04 

1,500 


416 

0 20 

2 48 

716 

1,500 

4 48 

0 27 

2 64 

8 78 

1,500 

8 00 

102» 

4 37* 

9 40 

1,500 

5 05 

014 

3 07 

9 09 

1,500 

5 78 

0 37 

338 

9 28 

1,500 

4 01 

016 

2 41 


1,500 

568 

0 25 

3 39 

8 20 

1,500 

4 64 

0 32 

2 67 

8 37 

1,500 





1,000 

5 53 

0 22 

3 32 

7 94 

1,500 

368 

019 

217 

712 

1,500 





1,500 

4 80 

012 

2 92 

8 15 

1,500 

3 21 

0 30 

182 

7 40 


2 96 

0 30 

1 66 

6 30 

1,600 





1,700 

5 20 

0 08 

3 20 

7 59 


6 34 

0 44 

3 69 

8 45 


6 00 

016 

3 65 

SSS 


8 00 

0 26 

4 84 

9 0S 



Comment 


500 cc of milk gi\en 
Slight edema of prepubic region 
Carbon dioMde content of serum 
24 6 millimols, not eating 
edema increasing o\er abdom 
mal wall 

More edema, involving wall of 
chest 

Carbon dioxide content of serum 
26 6 millimols, edema receding 
Slight edema 
No edema 

Chills, not eating, slight edema 
of loner part of abdomen 
Edema increasing, not eating 
More edema 

500 cc of milk given, consider 
able edema of thighs and abdo 
men, spreading to wall of chest 
Edema unchanged 
Swelling extended to neck, 
general condition good 
Much less edema 
Edema increasing rapidlj ag iin 
Marked diuresis and dccrea=c in 
edema 

Edema increasing m the after 
noon 

More edema 

Marked generalized edema and 
ascites, bilateral hydrothorax 
photographed 

Marked diuresis, edema disap 
pearing 

Trace of edema on the lover 
part of abdomen 
No edema 


* Sample of blood drawn after first dose of saline The value for nonprotein nitrogen 
probably erroneous 


carried out without any intermission On the other hand, in some of 
the later experiments relatively long periods of time elapsed befoie edema 
first appeared This is to be explained partly on induidual vaiiations 
in the ability of the dog to regenerate plasma proteins and thus maintair 
them above the critical level, and partly on the fact that plasmapheresis 
was interrupted for periods of a day or two, dining which considerable 
restoiation of the plasma proteins could occur Since there aie more 
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Fig 4 — Tjpical edema m a dog bled from the external jugulars alone Note 
the disappearance of edema after the sixth day, in spite of the continued adminis- 
tration of saline solution 



Fig 5 — Chronic plasmapheresis is associated with periods of edema when the 
plasma proteins have been reduced to the edema level In the intervals, however, 
edema rapidly disappears The plasma globulin is more quickly restored than the 
plasma albumin 
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plasma and moie giams of plasma piotein m a largei dog than in a 
smaller one, it will take considerably moie bleeding to deplete the 
plasma and to bring on edema If the quantity of plasmapheiesis 
IS inadequate, no edema will occui, even though daily bleeding is prac- 

T\ble 4 — Piotocol of Dog zvitli Rectmenf Edema as a Result of Plasmapheiesis, 
Also Showing the Effects of Acute Hydienue PIcthoia 


o 





o 



o 




• 



u 

cue 

oO 

dp" 



tj} 

c 

p 

tr o 

O V 

ss 

to ft 
a 

5 £ 



tJD 

"3 

JS i-, 

~o 

C sD— 
" O J 

ta 

o 

o 

w 

3 

o 

o 

■e ^ 

t-, o 

O S 

CO ^ 0-1 

e-S u 

P 

P 


s 

PK 

W Q) 

c-( to 

Sp ft 

34 

10/29/2S 

13 5 

400 

250 




10/30/2S 

14 1 

920 

895 

8 63 

0 08 


10/31 /2S 

14 5 

770 

845 
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0 14 
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6 0S 

0 06 
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14 6 



6 92 

019 
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13 8 

920 

875 
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018 
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920 

875 
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920 
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014 
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14 3 

895 
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5 44 

0 23 
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870 

875 
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0 20 
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5 08 

0 25 
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0 22 
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0 20 
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0 34 
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017 
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0 20 
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0 09 
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5 66 

013 
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1,150 

1,100 

4 60 

0 20 
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14 4 

920 

875 

4 81 

0 09 
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6 72 
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0 08 
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5 80 

0 23 
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14 5 



6 78 

0 07 
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14 3 
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014 
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13 3 



4 53 
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Comment 

Xc albuminuria 

5 35 

1,000 

Trace of albuminuria 


1,500 

Xo albuminuria 

3 85 

2,000 


3 76'^ 

2,000 

Slight edema of thighs 

4 20 


Xo edema 

4 56* 

1,500 

Hea\y trace of albuminuria 


1,500 

Xo albuminuria 

3 37* 

1,500 

Xo edema, good condition 

3 20 

1,500 

2 88 

1,'00 

Slight edema of thighs 

3 02 

1,000 

Edema unchanged 

5 34 

1,500 

Xo edema 

3 54 

1,500 

Slight edema of thighs 

3 90 

1,500 

Xo edema 

3 81 

2,000 

Xo edema 

3 08 

2,000 

Slight edema of thighs 

3 61* 

2,000 

Xo change 

Xo edema 

4 16 

1,500 

E\cellent condition, on bread and 
mili 

3 90 

1,500 


312* 

1,500 

Slight edema 

3 46* 

1,500 

Xo change, not eating 

2 75 

1,500 

Given meat, collepse after bleed 
mg 

2 95* 

1,500 

Edema of thighs and buttoek«, 
2,175 cc of Locke’s solution Intra 
■venouslj after last bleeding 

Rolls of edematous tiscue along 
entire ventral aspect of bodj 

4 15 

1,500 

Still much edema 

3 32 

1,000 

Edema unchanged, 2,775 cc of 
Locke’s solution Intra-venouslj, 
increasing edema 

3 48 

1,500 

Extreme edema, dyspnea, photo 
graphed 

Edema decreasing 

4 20 

4 43 

1,500 

Xot eating, less edema 

Dog quite weak, albuminuria 

2 56 


Slight edema, death, 2 liters of 
bloodv fluid in abdomen, spleen 


full of mfnrcts, marXecl pulnio 
nary edema 


* Sample of blood drawn after first dose of saline 


ticed If at any time, however, daily depletion of plasma is earned 
out to the proper extent m relation to the weight of the animal, edema 
will inevitably develop in less than a week This may be clearl) seen 
111 the chaits of our experiments and m the published protocols of Barker 
and Kiik 
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The distribution of the edema was quite constant in the difterent 
dogs Pitting, soft edema was first obseived along the inner aspect of 
the thighs, and about the external genitalia and the loose tissues of the 
lower part of the abdomen Some ascites usually appeared at about 
the same time, or even earliei As the edema increased more of the 
abdominal wall became swollen, and latei the anterior and lateral 
thoracic walls At the same time the peiineal region and thighs 
increased in size and edema extended down the hind legs The fore legs 
were rarely involved The face was not affected The subcutaneous 
fluid shifted readily with change in position of the animal Figures 
9 to 11 illustrate the edema observed in some of the dogs 



Fig 6 — In acute plasmapheresis the blood cholesterol is quite variable, but it 
rises temporarily after the bleeding is discontinued 

The edema fluid obtained by puncture of the skin is perfectly clear 
and limpid or shows a slight opalescence With the heat and acetic acid 
test, only a faint tiace of piotein can be demonstrated The ascitic 
fluid IS usually opalescent, at times definitely lactescent On centrifuga- 
tion, some of the cloudiness ma}' clear up This fluid ordinarily gives 
a more definite qualitative test for protein than the subcutaneous transu- 
date Chloride and bicarbonate are found in the amounts expected for 
transudates The chloride content of the edema fluid is alwa3'-s highei, 
by a few per cent, than the chloride concentration in the serum 

The most significant obser^atlon is the low protein content of these 
experimental transudates The figures m table 5 show that, foi the 
most pait, the concenti ation of protein in the edema fluids is as low 
as that found m normal cerebrospinal fluid The maximum piotein 
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content of subcutaneous fluid is 0 25 per cent, of ascitic fluid, 0 47 
per cent Previous to the pieliminary lepoit of these analyses theie 
had been no data in the literatuie on the piotein content of experimental 
iiephiotic transudates The relation between our quantitative data and 
those available on othei experimental edemas will be discussed latei 
It was lecognized early in this woik that the myocardial damage 
resulting fiom lepeated cardiac punctures might be an important factoi 
111 the edema pioduced At least, it was something to be ruled out b} 
bleeding the animals m anothei way The external jugular veins 
weie theiefoie utilized m a series of dogs Typical edema appeared 
111 the usual time, as shown in table 6 and figure 4 The transudates 
weie not as extensive as m the pieviotis cardiac gioup of dogs, but 

Tabll 5 — The Lozc Piotan Content in E^xpennicnial Kepluotic Edema in Dogs 



Eclemn 

Protein, 


Edema 

Protein, 

Dog 

riuid 

per Cent 

Dog 

Fluid 

per Cent 

10 

Ascitic 

0 04 

23 

Subcutaneous 

0 02 


Ascitic 

0 12* 


Ascitic 

0 25 


Ascitic 

OOG 

32 

Ascitic 

0 04 

11 

A'citic 

0 47 


Subcutaneous 

0 01 


Ascitic 

0 24 





Subcutaneous 

0 23 

on 

O J 

Ascitic 

0 04 

14 

Ascitic 

0 42 

34 

Ascitic 

0 34 





Subcutaneous 

0 04 

13 

Ascitic 

0 33 





Ascitic 

0 02 

37 

Ascitic 

0 02 


Subcutaneous 

0 02 

41 

Ascitic 

0 09 

10 

Ascitic 

0 39* 


Ascitic 

012 


Ascitic 

oil* 

o6 

Ascitic 

0 01* 

17 

Subcutaneous 

0 02* 


Ascitic 

0 10* 


Subcutaneous 

0 05* 





* Only the total nitrogen estimated on the edema fluid The i alue for plasma non 
protein nitrogen ^^as used m calculating the protein content 


this diftereiice may be paitially attiibuted to the difficulty m bleeding 
the animals foi iiioie than a feu da}s, aftei which thiombosis of the 
veins set m These expeiiments weie repoited briefly m 1929,-'^ and 
have found fuithei confiimation in the independent work of Barkei 
and Kirk,^' who employed arterial bleeding as the method of obtaining 
depletion of plasma It is an interesting fact that among the laige 
number of dogs bled fiequently from the heart not a single instance 
of chionic congestive heart failuie has developed, m spite of severe 
myocardial trauma in some of the animals 

Anothei senes of contiol expeiiments was planned to rule out the 
alkalinity of the modified Locke’s solution used as the suspending 
medium for the ei y throcytes The high bicarbonate content of this 
solution was originally adopted in order to replace the bicarbonate 
lost m discaiding the plasma This solution was entirely unbuftered 


25 Leiter, L J Clin Investigation 7 493, 1929 
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and theiefoie unphysiologic Howevei, in a few dogs the pn of the ^ 
seium and the total caibon dioxide content were found to be noiinal 
at the height of edema As an added contiol a solution was made up 
containing sodium chloiide, sodium bicarbonate, potassium chloiide, 
disodium acid phosphate, potassium dihydiogen phosphate and calcium 
chloride in physiologic proportions and carbon dioxide passed into it 
to bring the /’h to 7 3 This solution was kept undei paiaffin oil 
Difficulties weie encountered during its use owing to the tendency 
of the eiythrocyte suspension to coagulate in some instances However, 
seveial expeiiments weie earned through to the stage of edema This 
developed in the typical location and had the usual low protein content 
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Fig ^ — In longer experiments the blood cholesterol shows a cyclic fluctuation, 
the peaks occurring in the intervals between periods of plasmapheresis 

The role of starvation, or at least of undernutrition, piesented itself 
next as a factor to be conti oiled Although most of the dogs ate 
heaitily throughout the course of the experiments, it could not be 
denied that the bleedings, twice a day, might deprive the animal of 
most of the absorbed elements of food In a numbei of instances the 
blood was definitely lipemic, suggesting that the plasmapheiesis had 
coincided with the absorptive alimentary lipemia This occurred in 
spite of the fact that the dogs were usually fed late in the afternoon 
after the day’s plasmapheresis was over Dogs were therefore starved 
for a week or more, but were given 0 85 per cent saline by stomach 

26 Prof A B Hastings furnished us with the composition and the method 
of preparation and storage of this solution 



Iable 6—PioiocoJi on Dogs Bled fiom the External Jugulai Veins Instead of 

Fioin the Heait 



3/25/29 

10 0 

845 

975 

8 54 

0 24 

519 

1,500 

Blood cholesterol, 118 mg per 100 cc , 









blood draun from external jugulars 

3/20/29 

10 0 

895 

1,050 




1,500 


3/27/29 

10 3 

845 

975 

4 76 

014 

2 89 

1,500 

Edema of external genitalia and thighs 

3/28/29 

no 

920 

950 

4 20 

010 

2 53* 

1,500 

Edema spreading oeer walls of the 









abdomen and chest 

3/29/29 

11 3 

230 

250 




1,500 

Edema increasing, jugulars closed, 









photographed 

3/30/29 

10 3 



0 30 

0 22 

3 80 


Much less edema, blood cholesterol. 









152 mg 

ij 1/29 

94 






1,500 

No edema 

4/ 2/29 

98 



7 91 

0 21 

4 81* 

1,300 

1,500 cc of saline daily from 4/2 to 4/0 

4/ G/29 

90 



9 73 

0 20 

5 92* 

1,500 

No edema since 4/1, blood cholesterol. 









97 mg 

3/11/29 

10 8 







Blood drawn from external jugulars 

3/12/29 


400 

475 




500 


3/13/29 

10 8 

920 

925 

7 00 

0 20 

4 23 

1,500 


3/14/29 

10 G 

920 

1,030 




1,500 


3/15/29 

10 0 

895 

1,000 

3 78 

0 24 

2 22 

1,500 

Jugulars closing, no edema 

3/10/29 

10 3 

410 

473 

4 00 

0 20 

2 38 

1,500 

Edema of thighs and external gem 









taha, 40 cc of ascitic fluid aspirated 

3/17/29 

10 0 







Edema persisted unchanged 

ZjlSIid 

10 0 






1,500 

Decrease m edema 

3/19/29 

10 3 



4 88 

014 

2 90 

1,500 

Slight edema 

3/20/29 

10 3 






1,500 

No edema, saline continued daily 

3/29/29 

10 4 



7 03 

019 

4 08* 

1,500 

No edema since 3/20 

3/18/29 

12 0 

815 

1,000 

10 50 

010 

0 40 

1,500 

Blood drawn from external jugulars 

3/19/29 

12 4 

820 

925 




1,500 

500 cc of milk given 

3/20/29 

12 0 

870 

973 

0 10 

017 

3 70* 

1,500 

Edema of external genitalia 

3/21/29 

13 2 

795 

925 

5 40 

0 24 

3 23 

1,500 

Edema increasing rapidly, cough 

ZI2ZI20 

13 2 

230 

250 




2,500 

Jugulars closed, edema unchanged 

3/23/29 

12 8 



0 71 

0 09 

4 14* 

1,300 

Less edema 

3/25/29 

12 0 






1,500 

No edema 

3/20/29 

12 0 



7 50 

010 

4 03 

1,500 

No edema, good condition 


* Sample of blood drawn after first dose of saline 


Tabll 7 — The Plasma Pioteins Duimg Starvation 






Initial 

Pinal 

Total 





Plasma 

Plasma 

Saline 



Initial 

Pinal 

Proteins, 

Proteins, 

Given by 


Days of 

Weight, 

Weight, 

Gm per 

Gm per 

Stomach 

Dog 

Starvation 

Kg 

Kg 

100 Cc 

100 Cc 

Tube, Cc 

38 

0 

11 0 

10 3 

5 53 

5 57 

7,000 

39 

11 

10 0 

91 

5 70 

5 88 

10,000 

43 

7 

82 

78 

0 23 

0 90 

8,600 

40 

12 

10 4 

97 

4 08 

3 97 

12,500 

47 

8 

12 8 

12 0 

5 49 

5 40 

10,500 

48* 

7 

92 

80 

4 64 

4 03 

9,000 

49 

7 

9S 

91 

4 96 

4 67 

6,500 


This dog died of bronchopneumonia on the last day 
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tube The plasma proteins were essentially unaffected by starvation, 
as had been shown years ago by Kerr, Hurwitz and Whipple No 
gross edema developed Loss of weight occuired in the seven dogs, 
varying between 2 and 9 per cent of the initial body weight Table 7 
gives a summary of these experiments 

The daily administiation of 1,500 cc of 0 85 pei cent sodium 
chloride solution to a dog of 10 Kg may seem to be a lather excessive 
dose Howevei, dogs can dispose of even larger amounts of salt and 
water without developing edema As a matter of fact, one of the 
probable leasons why McIntosh and Leiter weie unable to produce 
edema by acute plasmapheresis in more than two dogs of a consideiable 
number was the daily administration to these dogs of about 40 Gm 
of sodium chloride as a hypertonic solution This i esulted in a negative 
chloride balance even in dogs in which diarrhea did not develop Rela- 
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Days 5 10 15 20 0 5 10 15 20 25 30 35 40 4-5 50 5 5 60 65 70 75 80 65 90 

Fig 8 — In spite of repeated increases in the blood cholesterol, there is no 
tendency for a persistent hypercholesterolemia in this chronic experiment 


tive to body weight, the dog’s kidneys have a lemaikable capacity to 
dispose of chloiides In the present expeiiments, as shown in figuie 
4, the continued administration of saline has little oi no influence 
on the tide of disappearing edema once the plasma pioteins have 
surpassed the critical edema level At most, a slight hump in the weight 
cuive manifests itself for a day or two 

In nephrotic Bright’s disease a low concentration of plasma piotein 
IS usually associated with a low albumin-globulin ratio This has often 
been attributed to the fact that most of the protein lost in the urine 
is plasma albumin, but little of it is plasma globulin In experimental 

27 Kerr, H J , Hurwit?, J H , and Whipple, G H Am J Physiol 47 356, 
1918 

28 McIntosh and Leiter Unpublished observations of experiments during 
1925 and 1926 


Fig 9 (dog 10) — Ascites and edema of the abdominal wall, perineum and 
thighs (See table 2 and fig 1 ) 



Fig 10 (dog 17) — Ascites and edema of the wall of the lower part of the 
abdomen, external genitalia and hind limbs (See table 3 and figs 4 and 5 ) 
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plasmapheresis no such explanation holds, since the entiie plasma with 
its parti culai albumin-globulin latio is discaided Yet in the longei 
experiments there is a marked decrease or leveisal in the albumin- 
globulin ratio This is shown in table 8 and figuie 5 Incidentally, 


Table 8 — Piotocol of Long Eipciwient Showing the Effects of Depiction of 
Plasma on the Plasma Albumin and Globulin and the 
Blood Cliolcstc) ol 
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Date 
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P40 
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5,0 

S 3 
tcr-t 

Comment 

86 

12/ 2/29 

12 2 

435 

400 

0 25 

5 28 

2 97 

2 31 

131 

1,500 

Blood dra5\n from e\ter 











nnl jugulars 

A 

12/ 3/29 

12 0 

770 

850 






1,500 



12/ 4/29 

12 0 

870 

950 

0 19 

4 13 

2 08 

2 05 

149 

1,500 



12/ 5/29 

12 0 

920 

825 






1,500 

Not eating 


12/ 6/29 

11 6 

431 

450 

0 34 

2 92 

1 88 

105 

128 

1,000 

500 cc of milii bj stomach 










tube, no edema 


12/ 7/29 

11 7 








1,000 

500 cc of milk by stomach 
tube 

Eating, jugulars closed 


12/ 9/29 

11 1 

745 

850 

016 

428 

1 54 

2 74 

105 

1,500 


12/23/29 




019 

4 01 

180 

2 81 

133 



B 

1/21/30 

12 7 

895 

875 

0 22 

4 30 

2 44 

186 

175 

1,500 

Cardiac bleeding 


1/22/30 

12 7 

920 

975 






1,500 



1/23/30 

12 5 

920 

800 






1,500 



1/24/30 

12 8 

920 

1,000 

0 20 

2 48 

119 

129 

172 

1,500 

Slight edema 


1/25/30 

12 9 

460 

500 






1,000 

Unchanged 


1/27/30 

12 5 

895 

1,000 

0 22 

4 33 

140 

2 93 

191 

1,500 

No edema 


1/28/30 

12 6 

893 

1,000 






1,500 



1/29/30 

12 8 

360 

500 






1,500 



1/30/30 

12 6 

920 

1,000 

0 38 

3 21 

103 

218 

171 

1,500 

No edema 


1/31/30 

12 8 

460 

500 






1,500 



2/ 1/30 

12 8 








1,000 



2/ 3/30 

12 5 



0 23 

4 77 

101 

3 70 

102 

1,500 

Good condition 


2/ 4/30 

12 5 

895 

975 






1,500 



2/ 5/30 

12 6 

895 

1,000 






1,500 



2/ 6/30 

12 S 

795 

1,000 






1,500 



2/ 7/29 

12 8 

845 

1,000 

0 23 

3 62- 

0 85 

2 77 

157 

1,000 

No edema, comulsions 


2/ S/30 

12 9 








1,000 

Good condition 


2/10/30 

12 6 

795 

1,000 

0 20 

4 52* 

1 43 

3 09 

155 

1,500 



2/11/30 

12 7 

920 

950 






1,500 



2/13/30 

12 5 

920 

1,000 






1,500 



2/14/30 

12 5 

920 

1,000 

0 28 

3 80* 

119 

2 01 

179 

1,500 



2/15/29 

12 5 

460 

400 






1,000 

Slight edema 


2/17/30 

12 0 

895 

1,000 

0 17 

3 06* 

138 

2 28 

399 

1,500 



2/18/30 

12 7 

920 

925 






1,500 

Slight edema of thighs 


2/19/30 

12 8 

920 

1,000 






1,500 



2/20/30 

13 0 

920 

1,000 






1,''00 

No edema 


2/21/30 

13 0 

920 

1,000 

0 20 

2 08 

124 

0 84 

100 

1,500 

Slight edema 


2/24/30 

12 5 

870 

1,000 

019 

4 52 

136 

316 

191 

1,500 

No edema 


2/25/30 

12 7 

460 

500 






1,500 



2/26/30 

12 S 

895 

1,000 






1,500 



2/27/30 

131 

895 

1,000 






1,500 



2/28/30 

13 6 

920 

900 

0 14 

3 54 

144 

210 

158 

1,500 

Edema of thighs and legs 


3/ 1/30 

13 3 








1,000 



3/ 3/30 

12 5 

870 

925 

018 

3 91 

175 

210 

155 

1,500 

No edema, good condition 


3/ 4/30 

12 5 

410 

375 






1,500 



3/ 6/30 

12 0 

870 

1,000 






1,500 



3/ 7/30 

12 2 

920 

1,000 

0 26 

4 04 

215 

189 

150 

1,500 

No edema 


3/ S/30 

12 6 








1,000 
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Table 8 — Pjofocol of Long E\pci intent Shoiuing flic Effects of Depletion of 
Plasma on the Plasma Alhinmn and Globulin and flic 
Blood Cliolcsteiol — Continued 


a 




CJ 

O 


o 

4.3 

o 

G 

c 



C 



sa 



tD 

(S 

es 

BO 
^ •« 

go 

^ C* ^ 

2s 

So 

<jS 

a> 

"S 

P 

•a 

o 

O o 

Si ^ 

4-3 5 

cj fee — 

S ^ 

« H 
Ko 

5 " 
S p- 

tn 

a g 

Eo 

C3 

ft 

s 

o 

s 

Co 


3/10/30 

12 5 

895 

1,000 

013 

4 83 

1 51 

3/11/30 

12 7 

920 

1,000 




3/12/30 

12 S 

920 

950 




3/13/30 

12 9 

460 

500 




3/14/SO 

12 9 

920 

1,000 

0 22 

3 09 

118 

3/15/30 

12 9 






3/17/30 

12 6 

895 

925 

0 26 

4 06 

1 38 

3/1S/30 

12 7 

920 

1,000 




3/19/30 

12 8 

920 

1,000 




3/20/30 

12 9 

895 

975 




3/21/30 

12 9 

920 

1,000 

016 

3 02 

1 33 

3/22/30 

12 9 

460 

275 




3/23/30 

13 4 

020 

825 




SlUjSO 

13 8 

920 

1,000 

013 

2 97 

1 51 

3/23/30 

14 0 

920 

1,000 




3/26/30 

13 5 

920 

1,000 

015 

2 42“ 

106 

SI2TD0 

14 0 

893 

825 




3/2S/30 

14 0 

400 

423 

0 20 

3 23 

102 

3/29/30 

13 0 






3/31/30 

10 8 



019 

4 79 

1 SO 

4/ 1/30 

110 

920 

950 




4/ 2/30 

112 

920 

1,000 




4/ 3/30 

no 

920 

1,000 




4/ 4/30 

11 8 

920 

1,000 

0 10 

4 28 

1 49 

4/ 5/30 

12 6 






4/ 7/30 

11 7 



0 21 

5 93 

141 

4/ 8/30 

118 






4/ 9/30 

12 0 



015 

013 

161 

4/10/30 

12 3 






4/11/30 

12 4 



Oil 

5 33 

191 

4/12/30 

12 4 






4/14/30 

no 



0 34 

7 56 

2 03 

4/15/30 

11 8 






4/16/30 

12 0 






4/17/30 

12 2 



016 

7 24 

1 71 

4/18/30 

12 4 






4/19/30 

12 5 







c 

o 



■a o 

g 

6 


oo 

n: 

SO 

oS 

o 

4-a 


OrH 




cS g 

S» 

Sp 

O M 

aJ ft 

O to 

o - 

'S'S 


Eo 

Prt 


Comment 

3 32 

183 

1,500 




1,500 




1,500 

Slight edema of thighs 



1,500 


191 

161 

l.'^OO 




1,000 


3 28 

200 

1,500 

Convulsion, no edema 



1,500 




1,500 

Slight edema 



1,500 

More edema 

2 29 

130 

1,500 




1,500 

Edema increasing 



1,500 


140 

171 

1,500 

1,500 

Marked edema of external 



genitalia, legs, etc 

136 

134 

1.500 

2.500 

Ascites, edema of nails of 



abdomen and chest, 
hemolitic icterus 


2 21 

142 


Edema unchanged, icterus 




decreasing 



1,000 

Edema decreasing rapidly 

2 99 

172 

1,300 

No edema, good condition 
Double rations from this 



date 



1,500 




1,500 

Edema of thighs 

2 79 

175 

1,500 




1,000 

Edema more marked 

4 52 

206 

1,500 

No edema 

4 52 

230 

1,500 

Acute arthritis of both 



ankles 



1,000 


3 42 

195 



3 53 

210 


Condition good 

Ankles normal 

3 33 

165 




Eating •vsell 

Sudden dyspnea and death 
from acute pulmonary 
edema, no ascites 


* Sample of blood drawn after first dose of saline 

the immediate increase m the plasma proteins, subsequent to discon- 
tinuance of plasmapheresis, is largely due to a use m the globulin 
fraction The parallelism between the total protein and the globulin 
curves is often striking In the expeiiments of two weeks’ duration 
or less no such regularity is ordinarily evident It takes considerable 
time for plasma albumin to regenerate, although theie is much variation 


29 Leiter, L Proc Soc Exper Biol & Med 27 1002, 1930 
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in individual dogs The edema level of the concentration of plasma 
protein is determined not simply by the amount of plasma albumin, 
but by the resultant of the colloidal osmotic pressure due to both the 
albumin and the globulin fractions Inciease in globulin, if sufficiently 
developed, may counteract the effects of a low or even decreasing 
plasma albumin 

The rapid lestoration of plasma globulin is not entirely dependent 
on a good state of nutrition of the animal In dog 90, for example, 
the emaciation manifested by a fall in body weight fiom 12 6 to 8 9 
Kg in the course of thirty days was not sufficient to prevent the typical 
sharp use m the plasma globulin curve at the end of this experimental 
period No dog was observed in which a significant mciease m plasma 



Fig 11 (dog 34) — Dog with massive rolls of edematous anterior thoracic and 
abdominal walls, folloiving acute hydremic plethora during a period of hypopro- 
teinemia (See table 4 and fig 6 ) 

globulin did not occur within fiom twenty-fom to forty-eight hours 
after bleeding was interrupted 

When cholesterol of the blood was used as an indicatoi for the 
blood lipoids, a curious series of results was obtained In the short 
experiments (fig 6) no consistent trends could be made out Howevei, 
with prolonged depletion of plasma theie appeared a more or less 
definite cycle of hypocholesterolemia during active bleeding followed 
by temporary hypercholestei olemia in the inteivals free from plasma- 
pheresis Similar conditions are evident in some of the piotocols of 
Barker and Kiik,^" although these authors have diawii lather different 
conclusions from then lesults Figuies 7 and 8 and table 8 indicate 
the cycles described While it is possible that the lowei values for 
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blood cholesterol during vigorous production of depletion of plasma 
may depend partly on a decreased concentration of erythrocytes, this 
IS not probable in view of the fact that the reinjected erythrocyte-sahne 
mixture was practically always made up to a normal relative volume 
of red corpuscles by the addition of donor’s erythrocytes Howevei, 
this phase of the problem will bear repetition, plasma cholesterol instead 
of the whole blood cholesterol being used as the basis for comparison 
The anatomic changes observed during these experiments were of 
considerable variety Some were due directly to the procedure employed , 
others were incidental The changes in the heart and kidneys were 
the most significant Such lesions as bronchopneumonia, infarcts or 



Fig 12 — Typical subcutaneous and intermuscular edema m dog 32 Low power 
view 


abscesses in the lungs and spleen of some animals and traumatic hemo- 
thorax lequire no comment If the dog died during a period of active 
edema, ascites, pleural effusions and pulmonaiy edema were common 
accompaniments of subcutaneous anasaica Occasionally hemolytic 
icteius developed fiom the rapid destruction of foreign blood 

In the heait, a great many tiaumatic lesions were encounteied 
These weie largely the result of the needle punctures There were 
linear areas of hemorihage, necrosis, leukocytic infiltration and various 
stages of repair by gianulation in the myocardium of the right and 
left ventiicles and often in the septum In spite of a gieat number of 
puncture wounds, the peiicardial sac was nevei completely obliterated, 
nor was there any gioss suppuration except in two dogs, one of which 
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(dog 25) had a severe infection of the respiratory tract Usually the 
paiietal pericardium was thickened and adherent over the anterior aspect 
of the right ventricle, in which most of the punctures were made 
Localized deposits of fibim were also seen The endocardium was 
frequently lacerated, and mural thrombi were common In a number 
of dogs considerable damage was done to the tricuspid, aortic and 
mitral valves, with resulting vegetations of a friable character that 
gave rise to emboli Fibrous thickenings and fusion of valves were 
seen in some dogs, involving particulai 1)’^ the tricuspid and mitral 
valves Puncture of a coronary vein or artery on the surface of the 
heart invariably led to death within a matter of minutes and could be 
diagnosed from the clinical symptoms after a few expeiiences Only 
occasional!) was a mass of fibrin found in the pericaidmm, indicating 
a previous nonfatal hemopencardium Dogs 17, 34, 86 and 89, which 
had periods varying between fifteen and fifty-four days of actual 
bleeding, involving a minimum of from 52 to 198 cardiac punctures, 
showed no gross blood or residual coagulum in the pericardial sac 
at autopsy 

The kidneys were the seat of seveial types of pathologic processes 
In the first place, gioss infaicts were common because of the fiequency 
of endocardial thrombosis These infaicts were bland or frankly 
infected In dogs 71, 73, 86, 89 and 90, in which time for organization 
of the infarcts was available, there was extensive calcification of necrotic 
tubules and glomeruli, along with the usual interstitial fibrosis and some 
round cell infiltration In these areas, also, exquisite masses of doubly 
refractile lipoid droplets could be seen m the casts and atioph^ing 
tubulai epithelium Another lesion was localized coitical suppuration, 
in the form of acute glomeiuhtis and penglomeiulitis, of embolic oiigm, 
often associated with linear leukoc}tic infiltration and neciosis extending 
to the lower coitex or ending in abscesses in vaiious levels of the 
medulla These changes in the kidney, like the infaicts, weie easy to 
undei stand Another type of process, howevei, gave more trouble 
This consisted of multiple inegular or linear foci of laige mononuclear 
cells (“plasma cells”) with a smallei number of lymphocytes and 
polymorphonuclears, found about the interlobular aiteries and veins 
or around the glomeruli and between the tubules, often extending 
through the entiie cortex and obviously leading to compiession atrophy 
of the tubules coursing through these cellular masses In some kidneys 
the infiltrates were near an infarcted or suppuiative area In others, 
however, they constituted the only lesions Theie were clearcut transi- 
tions between such mononuclear, penvasculai infiltrates in the cortex 
and definite linear or wedge-shaped scais in which tubules had atrophied 
or disappeared while glomeruli weie still preserved but with concentric 
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layers of fibrous connective tissue about the capsules and some shrinkage 
of the entire tuft The vessels m these scaired areas were not signifi- 
cantly altered Such scars, when numerous, may give the superficial 
impression of a contracted kidney because of the pits and depressions 
on the surface A large amount of normal parenchyma, howevei, is 
usually present between the narrow scars It is m this group of renal 
lesions, probably, that one must place the changes described by Barker 
and Kirk and Barker, who attributed them directly to a humoral 
effect of the altered blood plasma and speculated on their possible 
relation to human contracted kidne3^s These lesions will be discussed 
111 more detail later on 

Fatty changes m the form of irregular accumulation of large droplets 
in cells of ascending limbs of Henle’s loops and the terminal straight 
portions of the^ proximal convoluted tubules in the lower part of the 
cortex were observed rather frequently Practically none of this fat 
was doubly refractile Fatty casts and calcified casts or epithelium 
in various levels of the medulla were inconstant observations Careful 
search for doubly refractile hpoid droplets revealed a few typical fluid 
cr}stals in many of the convoluted tubules m the middle of the cortex 
These droplets were usually seen at the apex of the cells or actually 
in the narrow lumen Like the oidinary fat in the inner cortex, these 
isolated droplets probably represent a physiologic condition No changes 
were obserAcd in the convoluted tubules comparable to the typical 
morpholog) of chronic nephrosis m man 

COMMENT 

The low protein content of the edema fluid produced by depletion 
of plasma establishes it as a nephrotic type of edema analogous to the 
transudates in nephrotic Bright’s disease, m war edema and in other 
nutritional dropsies The correlation between low serum or plasma 
proteins and the presence of nephrotic edema in man is so well estab- 
lished^^ that It requires no further review here In rats a nutritional 
edema, probably nephrotic, has been repeatedly produced by diets low 
in protein only and correlated with reduction m serum proteins 
Harden and Ziha®^ commented on a nutiitional edema observed m a 
monkey Through the cooperation of Dr I S Falk, formerly m the 
Depaitment of Bacteriology of the Uni-versity of Chicago, the data 

30 Barker (footnote 18, first reference) 

31 Leiter, L Nephrosis, Medicine 10 135 (May) 1931 

32 Kohman, E A Am J Physiol 51 185 and 378, 1920 Frisch, R, A , 
Mendel, L B , and Peters, J P J Biol Chem 84 167, 1929 

33 Frisch, Mendel and Peters (footnote 32, second reference) 

34 Harden, A, and Zilva, S S Lancet 2 780, 1919 
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shown m table 9 have been obtained and represent the first published 
analyses on a nephrotic type of edema in the monkey The exact origin 
of the nutritional disturbance is unknown Histologic examination of 
the kidneys eight weeks after the original edema had subsided revealed 
no pathologic changes Figure 13 shows the edema of the eyelids in 
this monkey 

The edema produced in dogs has been shown to be definitely related 
to a decrease in the plasma proteins to approximately half of the normal 



Fig 13 — Edema of the ej^ehds in a monkey that also had edema of the abdom- 
inal n all and perineum ( See table 9 ) 

value A slight inciease in the plasma proteins aliove this level has 
been regularly associated with deciease or disappeaiance of edema 
The rapidity with which this change occuis speaks strongly in favor 
of a simple disturbance in the equihbiium of mechanical forces detei- 
minmg the interchange of fluids between the capillaries and the tissue 
spaces No nutiitional distuibance of the walls of the capillaiies, as 
might be postulated to be the consequence of the hydremia, no cardiac 
or lenal insufficiency and no change in the tissue colloids can leasonably 
be assumed to aftord a better explanation of this lapid change in water 
balance Furthermore, since the capillaries aie noimally freely pei- 
meable to salt and water in both diiections,^® any theory involving 

35 Krogh, August Anatomic und Physiologic der Capillarcn, Berlin, Julius 
Springer, 1924 
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alteied peimeability to salt and water as a result of some toxic or 
functional change in the wall of the capillaiy has little significance 
If, on the other hand, the true concept of permeability of the capillaries 
IS understood, that is, the peimeability to the plasma proteins, theie 
IS no evidence that the experimental edema described is i elated to 
increased permeability There is almost no protein in the edema fluid 
This observation is in striking contrast to practically all of the expeii- 
inental edemas pieviously repoited Thus, the ascitic fluid in uianium 


Table 9 — Piotocol on a Monkey ninth Nephohc Edema of “Spontaneous” 
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Comment 

Edema of the abdominal wall, perineum and 
thighs, diarrhea 

Edema unchanged, blood creatinine, 1 16 mg 
Blood urea nitrogen, 14 8 mg , trace of albumin 
m the urine 

Edema of the scalp, eyelids and cheeks, eating 
ravenously 

No edema of the face persistent edema of the 
perineum and lover part of abdomen 
About 10 per cent blood m this sample of edema 
fluid 

Edema decreasing 

Morning edema of the face, photographed 
No diarrhea, edema decreasing 
Slight edema of abdominal wall 
No edema 

No edema, good condition 
Returned to Dr Ealk’s laboratory 
Died m emaciated state with moderate peripheral 
edema and some ascites, no tuberculosis, no 
nephritis 


* The percentage of plasma protein in two normal monkeys was 6 2S and 6 84 
t The protein content of ascitic flu d from a monkey v ith tuberculous peritonitis u as 2 85 
per cent The percentage of plasma protein was 4 93 


edema coagulates spontaneously and has a protein content ranging 
between 1 and 3 pei cent This indicates a close relationship to the 
inflammatoiy edemas produced by such obvious vascular poisons as 
mustard oil, pai aphenylenediamine and dionin, in which the exudate 
IS often whole plasma^" Similaily, the edema recently pioduced by 
subcutaneous administration of Rmgei’s solution to bilateially nephiec- 

36 Gamier, M , Schulmann, E , and Marek, J Compt rend Soc de biol 
S9 269, 1928 Nau, A Compt rend Soc de biol 99 869, 1928 Govaerts. P 
Bull Acad roy de med de Belgique 9 33, 1928 Georgopulos (footnote 8) 

37 Tainter M L, and Han?lik, P J Pharmacol & Exper Therap 24 179, 
1924 
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tomized dogs also has a protein content between 1 and 3 per cent 
It IS fair, therefore, to state that none of these experimental edemas 
IS pathogenetically related to nephrotic edema Conversely, clinical and 
experimental nephrotic edemas are primarily not problems of permea- 
bility of the capillaries, but rather disturbances in the normal equilibrium 
between hydrostatic and protein osmotic forces The experimental 
nephrotic edema in dogs thus represents the first direct evidence in 
favor of the Starlmg-Epstem-Krogh theory of filtiation edemas In 
dogs, the edema is uncomplicated by factois of permeability In man, 
especially m early nephiotic glomei ulonephritis, the capillaries may 
remain partially injured shoitly aftei the acute stage of the disease, 
so that edema fluid obtained during this period may contain protein 
intermediate in value between nephrotic and acute nephritic edemas On 
the other hand, in hunger edema there is no evidence of increased 
permeability of the capillaiies to protein 

The edema m dogs dififeis fiom the puiely nutiitional edemas ot 
man and experimental animals m being a much more acute piocess 
While m the rat it takes about two months of feeding on a low protein 
diet before edema manifests itself, plasmapheresis in the dog is only 
a matter of days The peiiod of undei nutrition requisite to produce 
edema in man is still an unknown quantity On the othei hand, the 
direct loss of plasma proteins in the dog is a moie violent distuibance 
than the gradual depression of the building of plasma pioteins because 
of the inadequate supply of their elements m undernutrition The 
intensity of the process in the dog, therefoie, moie than outweighs 
the time factor m ordinal y nutiitional edemas A clinical parallel is 
seen in those cases of acute glomerulonephritis in which a marked 
albuminuria persists from the start, so that within a relatively short 
time the plasma proteins become reduced to the level of the edema 
It is pel haps reasonable to assume that in all these clinical and experi- 
mental states one is dealing with different degrees of the same undei lying 
process 

The idle of salt and water in the edema of dogs would seem to be 
relatively simple The administered saline is not the cause of edema 
any more than salt and water aie the actual cause of most clinical 
edemas However, no edema is possible without an endogenous oi 
exogenous supply of the chief constituents of edema fluid Hence, all 
intercellular edemas are to this degiee dependent on a pioper supply 
of salt and water Therefoie, it is not at all lemaikable that patients 
ma}'- lose some of their edema without any significant inciease m the 
plasma proteins, provided they are kept on a low intake of salt and 

38 Farmer, C J Barr}^ F S , Reed A , and Ivj% A C Proc Inst Med , 
Chicago, 1930 vol 8 
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fluid or are given diuietics that somehow produce a negative salt and 
water balance Govaeits made this point cleai This situation has 
been repeatedly ovei looked by authors who aie unwilling to accept 
the important position of the plasma proteins in certain clinical edemas 
In the dog, the same amount of salt and watei that produced edema 
when the level of plasma protein was below 3 per cent fails to have 
any effect when the plasma proteins leach 3 5 or 4 per cent Although 
the actual experiment has not been cairied out, there is little doubt but 
that it should be possible to keep a dog entirely free from edema on 
a iigidly salt-poor and low fluid diet even with the plasma pioteins 
reduced to the level for edema In patients or animals with the plasma 
proteins just at the critical level, the effect of the intake of sodium 
chloride and water on the presence of edema will naturally be more 
striking because under these conditions the body responds quickly one 
way or the other This is well illustrated in cachectic states, in hungei 
edema and in various othei nutiitional edemas in which the plasma 
proteins may be only moderately reduced Rest in bed and restiiction 
of salt and fluid aie often excellent diuretics in such patients 

The rapidity with which the dog can regeneiate plasma pioteins 
even during emaciation is a sui prising phenomenon, but again illustrates 
the large factor of safety involved m all vegetative functions How 
much the oidinary fiactionation of the plasma proteins really means 
concerning the actual nature of the proteins involved is unknown, yet 
the lesults have been quite consistent m indicating a moie lapid forma- 
tion of the globulin fraction than of the albumin fraction It must 
be admitted, however, that the effect of infection was not controlled 
in our dogs It is mteiesting at this point to consider the work of 
Bruckman, D’Esopo and Peters,^® who obseived that the serum albumin 
was essentially the only fraction reduced m the model ate hypopio- 
teinemia of malnutrition from various causes Impioved nutrition was 
associated with an increase m the serum albumin Edema occuried in 
the patients with low serum proteins and could be fairly well correlated 
with low serum albumin The absolute quantity of plasma proteins 
lost daily by dogs undergoing plasmapheresis has not been detei mined, 
but It IS safe to estimate that it coriesponds to a severe albuminuria in 
man Both the patient with nephiotic Bright’s disease and the dog 
may maintain a fairly constant level of plasma proteins while losing 10 
Gm 01 more of protein a day They are both legeneiatmg proteins 

39 Govaerts, P , and Corclier, R Bull Acad roy de med de Belgique 8 510, 
1928 

40 Bruckman, F S , D’Esopo, L M, and Peters, J P J Chn In\ estigation 
8 577, 1930 

41 Bruckman, F S , and Peters, J P J Clm Investigation 8 591, 1930 
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quite actively One wondeis, theiefore, what the patient could do if 
he were really able to procure and assimilate laige amounts of food 
protein Although the high protein therapy of nephiotic Bright's disease 
has been suggested and championed by Epstein for many years, no 
S3'stematically controlled study of the effects of vaiying amounts of 
dietaiy protein in this disease has been available until the lecent work 
of Peters and Bulger and of Berglund and his associates 

In recent years there has been a consideiable tendency to ascribe 
practically all of the demonstiable biochemical and moiphologic changes 
in the nephrotic syndrome to the loss of plasma piotem in the urine 
It does not matter for this point of view whether the protein is or is 
not biologically foreign to the organism The important fact is its escape 
from the plasma The relatively constant hypercholesterolemia (lipoid- 
emia) in the active stages of the nephiotic syndiome natuially suggested 
a systematic study of the cholesterol of the blood in the dogs undergoing 
plasmapheresis Baikei and Kiik^" reported increases in blood choles- 
terol up to 254 mg per hundred cubic centimeteis, and correlated this 
with the well established data on patients with nephrosis An examina- 
tion of then published piotocols actuall} leads to the conclusion that 
active depletion of plasma lesults m a definite hypocholesterolemia 
with a temporal y rebound to highei values when bleeding has been 
intenupted Our results, obtained on a more i epresentative senes of 
dogs, also seem to indicate that plasmapheiesis and edema are associated 
with a decrease in the blood cholesterol This is a pictuie exactly the 
opposite of the situation m the nephrotic syndrome m man In the 
lattei, the blood cholesterol usually remains elevated foi long periods 
during the albuminuiic, edematous stages of the disease, falling toward 
normal when the caidinal symptoms clear up Granting this diffeience 
between the experimental nephiotic edema and the clinical nephiotic 
syndrome, it is obviously incoi rect to desci ibe the experimental condition 
as “nephrosis” and to attempt to foice it into moie oi less complete 
alinement with nephrotic Blight’s disease, as Baiker and Kirk have 
done Why it is that nephiotic Blight’s disease is chai actei ized by 
an inciease in blood cholesteiol while hungei edema, with essentially the 
same type of tiansudates, usually is associated with a deciease in blood 
cholesterol, remains a difficult puzzle The gaps in the knowledge of 
hpoid metabolism are too many to allow anything but a guess as to 
the leasons foi the cuives foi blood cholesteiol obseived m dogs 

42 Epstein, A A Arch f Verdauungskr 44 31, 1928, footnote 14 

43 Peters, J P , and Bulger, H A Relation of Albuminuria to Protein 
Requirement m Nephritis, Arch Int Med 3T 153 (Feb) 1926 

44 Berglund, H Symposium on the Kidne 3 % Minneapolis, Julv, 1930 
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One may conclude fiom the foregoing discussion that experimental 
nephrotic edema is far from being synonymous with the nephiotic 
syndrome m man A symptom, edema, has been produced, and not 
much else There still remains to be considered the so-called lenal 
lesion of plasmapheresis Barker stated that “a secondai y conti acted 
kidney may well follow a long standing low piotememia as a lesult 
of tubular atiophy and scai tissue replacement’" (page 609) Eailiei, 
Baikei and Kirk^" were not quite so definite in then conclusions, 
although they wrote that “the expeiimental results tend to support the 
theoiy that the continual loss of albumin in the uiine is sufficient alone 
to produce lenal pathologic changes” (page 345) If this point of 
view could be established beyond a leasonable doubt, it would lepiesent 
an impoitant conti ibution toward the explanation of the contracted 
kidneys the etiology of which is not an obvious chronic glomeiulo- 
nephiitis 01 arteriolar scleiosis As a matter of fact such kidneys, 
excluding, of couise, hydronephrotic and pyelonephi itic types, aie 
extremely lare Furtheimore, there aie so few cases of proved nephrotic 
contracted kidneys,^^ that is, contraction following on a genuine oi 
pill e nephrosis, that most pathologists have nevei seen any Barkei ’s 
suggestion, theiefoie, that his expeiimental lenal lesions might explain 
“why most so-called nephrosis cases that escape intercuirent infections, 
die of uremia and at post moitem show scarred and conti acted kidneys” 
is inelevant, since most cases of so-called nephiosis, as has been so 
cleaily demonsti ated by Bell,^° are obvious foims of glomerulonephiitis, 
easily lecogmzed by experienced pathologists, if not by clinicians 

Apait from this question, the more important one arises as to the 
actual natuie of these lenal lesions in dogs and their relation to plas- 
mapheresis So far, Barker’s evidence is based on obseivations made 
on a few dogs Even a superficial familiarity with “spontaneous” 
iiephiopathy m dogs immediately leads one to question the pathogenesis 
of these renal changes Many aiithois have desciibed “spontaneous” 
lesions m dogs’ kidneys as such or have mistaken them for something 
they wanted to produce Long expeiiments aie paiticulaily dangerous, 
for even a piehmmary biopsy, proving the absence of ceitam lesions, 
does not rule out the possibility of spontaneous development under 
laboiatory conditions latei This has been well demonstrated in the 
excellent woik of Bell and Hartzell The papers of Baikei and 
Kiik present no satisfactory controls 

It IS pel haps foitunate that in the piesent investigation many dogs 
lived only a short peiiod Therefore a laige series of kidneis was 

45 Bell, E T Am J Path 5 587, 1929 

46 Bell, E T , and Hartzell, T B Spontaneous Nephritis in Rabbits and 
Its Relation to Chronic Nephritis in Man, J Infect Dis 24 628 (June) 1919 
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studied Some control expeiiments were earned out This gives an 
opportunity to compaie the renal lesions in vanous ways, that is, in 
relation to the duration of plasmapheresis, to the presence or absence 
of gross infection m the kidneys and to various control procedures 
Renal changes more or less comparable to the advanced stages described 
by Barker and Kirk were found in two dogs , dog 85, which had been 
bled only thiee days, was discaided and died of distemper thirty-two 
days latei , dog 16B died in a state of shock on the second day of a 
contiol experiment involving the leinjection of his own citrated whole 
blood It IS fair to conclude that the experimental piocedure could not 
have produced the extreme fibrosis m the kidneys of these two dogs in 
such a shoit time On the othei hand, in dogs 17. 34. 35, 69, 71, 86, 89 
and 90, on which vigoious plasmapheiesis was perfoimed eighteen, 
twenty-four, twenty-nine, twent}-foui, fifteen, sixt}, eighteen and thiit}- 
seven days, respectively, duiing a total experimental peiiod of thirty-one, 
thirty-six, forty-seven, thirt} -one, twenty-eight, one hundred and thirty- 
nine, thirty-four, and nmet}' -eight da>s, respectively, the renal lesions, 
apait from infarcts, abscesses and othei changes expected with the 
method used foi bleeding, consisted almost entiiely of varying degiees 
of infiltration with mononuclear cells In fact, m dogs 17, 35 and 69 
there were no infiltrates These pei ivascular and intei tubulai collections 
of “plasma cells,” lymphocytes and occasionally polymorphonucleais 
were also found in the renal cortex of dogs which had died after very 
shoit periods of plasmapheresis Thus dogs 14, 15, 32, 33 and 72 
with experimental life periods of only five, six, five, eight and thiee 
days, lespectively, showed from slight to maiked mononucleai infiltra- 
tion Are these the result of, or are they related to, hypoproteinemia ^ 
One answer to this question is the obseivation in dog 39C of many 
linear and wedge-shaped areas of mononucleai infiltration with coiie- 
sponding atiophy of the tubules Dog 39C was a control animal trans- 
fused for twenty of twenty-nine days with from 200 to 400 cc of other 
dogs’ blood daily No depletion of plasma was carried out, and the 
plasma proteins vaiied between 4 77 and 5 28 per cent during the last 
eleven days of the dog’s life Another answer is the relatively extensive 
hteiature^' on moie or less identical lesions leported from many paits 
of the world in connection with work on rabbits, dogs, cattle and cats 
This is not the place to discuss the etiologies of such lesions in the 
kidney It should be noted, howevei, that in our expeiiments vegetative 
endocarditis was frequent and asepsis was not employed, while Barker 
and Kirk used careful aseptic technic The results are difficult to dis- 
tinguish in the two series What is most significant, howevei, is the 

47 Leiter, L Experimental Chronic Glomerulonephritis, Arch Int Med 33 
611 (Mav) 1924, Data to be published 
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complete lack of relation between these acute and chronic trul} intei- 
stitial nephntides in animals and chronic nephritis m man This has 
been pointed out before/^ but apparently still needs emphasis in Mew 
of the recent confusion The lack of correlation between low plasma 
piotems and these renal lesions is self-evident fiom the few control 
experiments reported 

It seems from this discussion that the renal lesions following plasma- 
pheresis may have nothing to do with plasmapheresis except so far 
as dogs aie followed over a long enough period to allow foi the full 
development of “spontaneous” lesions oi for changes possibly due to 
the repeated intravenous injection of particulate matter — eiythrocytes, 
moie or less damaged b} centrifugation, saline solutions and what not 
One could not, of course, consider these lesions as a “nephrosis,” if 
one understands by “nephiosis” that form of renal pathology regularly 
associated with the nephrotic s}ndrome in man The fatty changes 
described in dogs’ kidneys are so nonspecific as to be almost physiologic 
Deposition of doubly refractile lipoid (cholesteiol ester) cannot be found 
m abnoimal amounts m dogs’ kidneys, except in calcifying mfarcted 
areas where they are readily demonstrable m masses This is true m 
both the long and the short experiments Here, again, is a striking 
contrast between the kidneys of dogs with experimental nephiotic edema 
and the kidneys of patients with “nephrosis” or whatevei else it may 
be called Experimental edema and “nephrosis” aie not synonymous by 
any means 

SUMMARY AND CONCLUSIONS 

Edema has regularly been produced m dogs by adequate plasma- 
pheresis and the lesulting reduction m the plasma proteins The critical 
level of edema of the plasma proteins is about 3 per cent Interruption 
of depletion of plasma is followed by an immediate increase in the 
plasma proteins and an equally rapid disappeai ance of edema by diuresis 
The disturbance in water balance seems to be largely a tempoiary 
upset in the normal equilibrium between the capillary hydiostatic 
or filtration foices and the plasma protein osmotic or reabsorption forces 
It IS not piimarily dependent on cardiac, renal or capillaiy permealnlit} 
factors 

This experimental edema is nephrotic, as demonstrated, for the 
first time, by actual quantitative analysis of the protein content of the 
transudates The low protein content lies exactly within the lange 

48 Bell, E T , and Hartzell, T B Effect of Foreign Protein on the Kidnej , 
J Infect Dis 24 618 (June) 1919 Bloomfield, A L Bull Johns Hopkins 
Hosp 30 121, 1919 Bell, E T , Clawson, B J , and Hartzell, T B Am J 
Path 1 247, 1925 

49 Henschen, F Acta med Scandinav 53 774, 1921 
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of clinical nephrotic edema fluids and is essentially of the same order 
of magnitude as the concentration of protein in normal cerebrospinal 
fluid and of other ultrafiltrates of the plasma 

The study of the regeneration of the plasma proteins in the depleted 
dogs has confirmed the earlier work of Whipple and his associates, 
which showed that globulin was reformed faster than albumin 

The blood cholesterol tended to deciease during vigorous plasma- 
pheresis With cessation of bleeding, the cholesteiol usually rose, 
occasionally to values consideiably above noimal This was, however, 
only a temporary phenomenon and was m no way suggestive of the 
hypercholestei olemia of the nephiotic syndrome m man 

Histologic study of the kidneys m these experiments has failed 
to produce any clearcut evidence to support the contention of Barker 
and Kirk that hypoprotememia leads to contracted kidneys In fact, 
the control experiments and other facts reported seem to lead directly 
to the conclusion that Barkei and Knk have eried m two directions 
First, they have overlooked the possibility and the fiequency of “spon- 
taneous” contracted kidneys in dogs Second, they have apparently 
failed to realize the lack of essential resemblance between the so-called 
renal lesions of plasmaphei esis and the histologic changes in the kidneys 
of patients with so-called nephrosis In view of this confusion, it 
becomes evident that experimental nephiotic edema m dogs is not quite 
the same thing as “experimental nephiosis ” Expeiimental nephrosis 
has not yet been pioduced 

The role of starvation, of the administiation of salt and watei by 
stomach tube and of certain other factors in the experimental piocedure 
has been conti oiled to a certain degiee 

The relation between experimental nephrotic edema and other experi- 
mental and clinical edemas has been discussed 

In collaboi ation with Dr I S Falk, we have piesented the first 
published data on the protein content of the plasma and of the edema 
fluid m a “spontaneous’ nephrotic edema occtining in a monkey 
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It seems nnpoitant to point out at this time that acute antenoi 
pohoimehtis (infantile paiaK-'is) ma\ not lie piimaiily a disease of the 
central nenou'^ ‘'\stem. hut that it ma\ be moie coirectly classed with 
the diseases of the hmphatic s\ stems of the hod\ The change that is 
prohabl} common to all cases of this disease is an enlaigement oi a 
Inperplasia of sonic oi .ill of the l\mphatic slinctines of the oiganism 
Those p.nts most fiequenth .itt.icked .11 e Pe^ei’s patches and the soli- 
tan follicles of the intestines, the mesenteiic hmph glands, the 
retiopcntone.il glands the jiei iliionchial glands, the tonsils the l}mph 
glands of the neck the .ixill.ie and the groin In the l.atei stages of 
all} .itt.ick oiu 111.1} often m.ike the diagnosis ol the existence of the 
disc.ise ihioiigh noting .1 slight hut definite enlaigenient of one 01 both 
of the epitiochle.n gl.mds 

\\ Ink the gioss enl.ngement <»l the jieiiphci.il lemphatic glands is 
often not in.nkeei. it is ,il\\ ixs pusciit to sonic dcgiee .md is one of the 
ncccss.in eli.igiiostie signs m the mild .md .ihoitue cases This enlaigc- 
ment of the Kmph.itic tissues is one ot the sti iking peculiarities of all 
of the c.i'-es th.it come to .mtoiis\ Xot oiih .11 e those hniphatic stiuc- 
tiiies .ilie.uh mentioned nuohed hut one ni.i} also see hxjieiplasia both 
grossh .111(1 mu losiopic.ill} in the tin inns and the malpighi.ni cnijmscles 
of the sjilecn 

IHl M Mi’ll \1 us 01 nil (I'MRM X LR\ 01 S S\sn:M 

In the centi.il neixoiis s\sie*m the hmph.itics of the hod} aie lepie- 
senteei in spaces which sniiound the blood \esscls These spaces aie 
known .IS the jici n.iscnl.u spaces '! lun einjit} into the snbaiachnoid 
sp.icc .md in tnin .ne thus connected with the ventiicles of the biain 
'j'hc p.icchioni.m gi .mnl.itions .ne stinctnies along the sides of the eems 
thiongh which snhst.mces .nc filteied inohahl} <ilso fiom the snhaiach- 
noid s]).ice into the veins ,ind the genci.il cncnl.ition These peinasculai 
s])accs, like the snb.ii.ichnoid sp.ice, .ue lined In a single l.nei of 
endotheh.il ceils The p.icchioni.m gi. mnl.itions aie aieas m wdiich this 
lining endothchiim jionchcs into the w'.ills of the veins 

Submitted foi publie.ition, Nov 7, 1930 

Revised from p.ipet and distiission given liefoic the Pasadena Bianch of the 
Los Angeles County Aledie.il Society, June, 1930 
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It IS these perivascular spaces and the subarachnoid space that become 
involved in an attack of true poliomyelitis There is no evidence to show 
that the nerve tissue is attacked directly Apparently it suffers only 
secondarily from the changes that occur primarily in these spaces and 
in the meninges 

INVOLVEMENT OF THE CENTRAL NERVOUS SYSTEM 
(uncommon IN ANY EPIDEMIC) 

While there was a time when it was thought that poliomyelitis was 
a disease primanl}'’ of the central nervous system, it is now known that 
this IS not true The great mass of cases of this disease never show 
any involvement of the central nervous system The symptoms desig- 
nated by the name poliomyelitis are evidently only complications which 
may occur in a widespread infectious disease the pathology of which 
has not been clearly presented, and which in its eventual solution will 
not be found to be strikingly different in its manner of spread from 
many of the more common infections that occur in epidemics While 
some authors have thought that as man}' as 25 per cent of the cases in 
an epidemic show no nervous symptoms, others have considered that 
such mild cases represent as many as from 65 to 75 per cent of all cases 
of this disease (Paikes and Neal As knowledge of this disease has 
increased, however, it has become evident that even the latter figures 
are probably too low 

Before Wickman’s - interesting study of an epidemic in Sweden and 
othei studies made in other places, about 1911, the relation between 
these milder forms of the disease and those m which paralysis occurs 
was not geneially recognized The earlier work of Caverly, 1894,® had 
made no impression It was only after Flexner and Lewis * and others 
had shown it to be a true infectious disease, the viius of which passes 
readil} through a Berkefeld filter, that the manner of its transmission 
became a problem of general interest The cases of paralysis or true 
poliomyelitis were generally widely separated, and it was natural to 
suspect even then that the virus was carried in some peculiar manner by 
some animal, insect or other agent It was difficult to concei-ve that the 

1 Parkes, W H , and Neal, Josephine B Poliomyelitis A Brief Resume of 
the Epidemiology, Symptomatology and Treatment, Southwestern Med 11 523 
(Dec) 1927 

2 Wickman, Ivar Acute Poliomyelitis (Heine-Medm’s Disease), translated 
by W J M A Alaloney, monograph 16. New York, J Nerv & Ment Dis 
Publ Co, 1913 

3 Caverly, C S History of an Epidemic of Acute Nervous Disease of 
Unusual Type, New York M Rec 46 673 (Dec ) 1894 

4 Flexner, S , and Lewis, P A The Transmission of Epidemic Polio- 
myelitis to Monkeys, J A M A 53 1913 (Dec 4) 1909 
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paiahbis IS as Amoss tcimcd it only a “complication” and often a lare 
complication in a ^\ldesplead infectious disease which, without involve- 
ment of the cential neivous s\stem is so mild that it nevei leads to 
death and is often difficult to distinguish fiom othei mild foims of 
iiastro-mtcstinal disturbance Since 1913 it has become moie and moie 
apparent ho^^e^er that this is true hut even now there is a tendency 
to class this disease as one ])iimaiih of the cential nenous system rather 
than in the light of its tiue ])atholog> Attention is being centeied too 
much on the laie cases in which jiaraKsis occurs, lather than on the 
hundreds of mild cases that may be wholh lesponsible foi the spread 
of the infection Too m.un deductions are being drawm fiom studies 
on monkcxs ui which the \iius has been intioduced diiectly into the 
1)1 am or some ‘'itc chosen b\ the opeiatoi. rathei than fiom the clinical 
c.ises m which the natuial loutes of infection and spiead of the disease 
can be followed moie accuiatclx 

M xruu \L 

While the stud\ of jiohonnchtis and sinulai infectious diseases is 
quite removed fiom iii} ehiet endeaxors in medicine at this time, it xxas 
mx good fortune to haxe jil.ixed an .letixe jiart in the attcmjit to combat 
and ^tudx tin*' di''(.<i'>t in the ejiidemie that existed in the city of Balti- 
moie in the summer of 1916 It xxa*' possible at that time not onlx to 
■'tudx the clinical .i^jiects of the disease its cpidemiolog} , its tieatment 
and Its bacteiiologx hut .iKo to obtain excellent pathologic mateiial 
Bx ])nlice Older, the citx gi.uited an autopsx on every fatal case As 
acting resident jiathologivt of lohiiv llojikins Hospital. I peifoimed most 
of these .lutopsies mxsdf In each instance a complete autopsx xxas 
])erformed, and all the oig.iiis weie studied not onlx foi the gioss, but 
foi the mitioscopit. changes 

I'hcse autojisus. togethei xxith a i.itliei extensixc clinical inxestiga- 
tion of the disease haxe gixen an opportuniU to eon elate moie 
caiefullx the clinical couise of the dise.ise xxith the pathology, and to 
obt.iin a point of xiexv somexxhat diflcient fiom that held by those xvho 
look at the dise<ise laigelx as a jinm.ux poliomyelitis lathci than a 
systemic dise.ise th.it m.iy h.ixe .i cential neix'ous complication 

1 h.ive .ilre.idx lexicxxed Iniefix the jiatholog} of this disease m an 
attemjit to sc]).iiate it fiom ejiidemic encephalitis" and to find the dif- 
feiential ji.ithologic jieciih.ii ities of the l.ittci aflliction The corielations 
of the ])athologic symptoms ,ind signs xxith the clinical symptoms have 
not been published It seems impoit.mt to piesent them noxv 

5 Amoss. II L PolionwclUis South At J 23 18 (Jan) 1930 

() Burrous, M T Neuritis of the Ci.ini.il Nerves m Lctliargic Encephalitis 
and the Diflcrcntial Anatomic Di.ignosis Between It and Acute Poliomyelitis, 
Arch lilt Med 2C A77 (Oct ) 1920 
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When my associates and I commenced work on the epidemic of 
poliomyelitis m Baltimore m 1916, we believed definitely that it was a 
primary disease of the central nervous system, and we were m no wa} 
convinced that the paralysis was only a rare complication that 
might occur m any epidemic At the end of the epidemic it became 
clear, however, that our first assumption was not true Not only from 
the rarity of the paralysis in this epidemic, but also from the study of 
the pathology, it became ceitain that the nerve tissue is not attacked 
directly, but suffers only from changes m the perivascular spaces, and 
that m any epidemic these spaces are only rarely involved to any great 
extent In the great mass of cases existing in this epidemic, there were 
only a few patients who ever suffered from any noticeable symptoms of 
the nervous system When paralyses did occur, the lesions were not 
primaril}^ m the nerve tissue, but in the perivascular spaces and the 
subarachnoid space The latter fact had already been described in the 
pathologic studies of Peabody, Draper and Dochez " 

PATHOLOGY 

Gross Pathology — The pathologic pictuie in all of the fatal cases 
was a geneial lymphoid h}perplasia which was most marked m the soli- 
tary follicles of the gastro-intestmal tiact, Peiei’s patches and the 
mesenteric lymph nodes In each of the fatal cases the disease began as 
in the milder ones with fever, gasti o-mtestmal distuibance, headache 
and eventual paial}sis, which had its oiigin alwa^s m some pait of the 
spinal cord No death could be attiibuted to toxic symptoms Death 
intervened only when the respirator}- center became involved and was 
eventually the direct result of respiiatoiy paial}sis 

In the mildei cases only headache, fevei and gasti o-mtestinal dis- 
turbances of various degrees were observed 

PoHal of Entiy m the Gasti o-IutcstJiwl Tiact — These general facts 
led us to believe that the disease begins pnmaiily in the lymphatics of 
the gastro-intestmal tract and spreads fiom thence to the l}mphatics of 
other parts In the less resistant cases it may spread to the subarach- 
noid space and the penvasculai spaces of the spinal coid, medulla and 
adjacent parts Wickman “ thought that it aiose m the intestines 
Flexnei ® and his students, fiom the studies of infected monkeys, looked 
at the nasal passages as the possible poital of enti} In the clinical 
cases that I observed it was laie to find any veiy piomment symptoms 

7 Peabody, F W , Draper, G , and Docher, A R A Clinical Study of 
Acute Polionwelitis, Monogr Rockefeller Inst M Research, New York, 1912 

8 Flexner, S , and Amoss, H L Persistence of the Virus of Poliomyelitis 
in the Nasopharjnx, J Exper Med 29 379, 1919 
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in the nose and tin oat and moic iccentl) Amoss and Ta}lor° have 
isolated substances fioni the secietions of the nasal passages of healthy 
lnonke^s that nentiah/e the mi us of this disease 

Mtci o<!copic Pathology — Microscopic examination of the lymph 
glands shons eithei a dcciease in the blood siipph oi a dilatation and 
congestion of the capillaix bed a mild edema nhich gives the gland a 
firm lesistance and a most actuc pioliferation of the l3mphoid cells 
The gland becomes a solid ma‘^s of hmphoc\tes oi small mononuclear 
cells The sinu'^cs arc not cleaily made out but the germinal centers of 



Fifr 1 — \ pirl of 1 '•tctiuii OI a mc'-cntcnc hmiili gland in a wlnle bo}’, 
aged V/z \cars The child w iv "^ick tor li\t d.i\‘:. d\ing of respirator}' parahsis 
The section sliows the large cle.ir centers of the follieles and the proliferation of 
Kmjilioid eells peeiiliar to the eondition 

the follicles stand out .is jnomment elcai aieas These centeis show few 
cells but nuicb ccllul.u debus d'heic aie numbeis of mitoses ncai then 
peiipheiies and ,i feu in then moic centi.il paits This giowth may 
proceed to actu.il neeiosis of the centeis of these follicles Theie is 
also an active jnohfei.ition of the endotheli.il cells lining the sinuses and 
othei parts of the gl.ind ddie ])ictuic is that of .i tiuc hypeiplasia 

9 ^moss, II L, and l.nlor, F Nentralir.ition of the Virus of Pohom 3 'elitis 
h\ Xasal Washings, J E\per Med 25 s07 (April) 1917 
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These changes in the lymphatics become most marked in Peyei’s 
patches, the sohtar}^ follicles of the intestines and the mesenteric lymph 
nodes These follicles and Peyer’s patches are easily seen grossly when 
the intestines aie opened They are enlarged and raised well above the 
suiface of the sui rounding mucous membrane (fig 2) They show the 
same picture micioscopically as that described for the l}mph glands 
While in the fatal cases the enlaigement of the lymphatics is most 
marked in all parts of the bod>, the mesenteric l}mph glands are geii- 
eially the larger The malpighian corpuscles of the spleen are prominent 
on the cut surface of this organ The peribronchial l)'mph glands, the 
lymph glands of the neck, axillae, groin and other parts and the adenoid 
tissue of the nose and tin oat and the thymus show this same Inperplasia 



Fig 2 — The surface of the ileum in a white bo>, aged jcars The boy \\as 
sick for fi\e days, including an intermission The figure shows tvpical hyperplastic 
Peyer's patches peculiar to this disease 


both grossly and microscopically While the tonsils were noticeably 
enlarged m a few cases, it was laie to find them showing the strikmgl} 
gross hyperplasia presented by the lymphoid tissue of the gastro- 
intestinal tract 

Changes in the N'eivous System — The changes m the neivous 
system were of a similar natiiie A piimai} involvement of the nerve 
tissue does not exist apparently The neive tissue shows changes 
that are secondary to those existing in the lymphatic channels of this 
tissue The primary changes appear to be always in the perivascular 
spaces and the subarachnoid space The microscopic picture noted 
in the subarchnoid space is an active proliferation of the endothelial 
lining cells following congestion and edema Many of these cells loosen 
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and appeal as I}mphoid cells in this space (fig 3) Within the nei\e 
tissue, the piimaiy changes aie in the peiuasculai spaces These spaces 
become distended i\ith fluid Then endothelial lining cells piolifeiate 
The edema ma) become excessne, iiiptuimg the lining membiane, and 
death mac mteicene caih fiom this edematous distention alone, i£ the 
medulla oi the lespnatoic centei is involved (fig 4) 

In otliei ca^es esiiecialh in those in which the congestion and edema 
of the spinal coid peisist foi a longei time, othei changes most often 
intencne Theie is a much gie.itei piohfeiation of the endothelial 



Fifi 3 — \ pirt of ,i SLclion of llic ceiMtal rcuion of the spinal coul and 
meninges ni a wliitc I)o\, .i^ed V/^ jc.irs 1 he l)o\ was sick for fne cla\s and 
showed onh niild mtninip. il sjmptoins llie section shows the charactcnstic 
clnnp:cs in the sulnr.ichnoid space 

lining cells (fig 5) d'he siiiiounding gha cells ma) also piolifeiate 
and, eventualh , aieas of neciosis of the nei\e tissue lesult It is 
only in the lattei aic.is of neciosis that one ecei sees polymoiphonucleai 
cells 

Such .ibsccsses occtii always in the immediate Mcinit}' of the blood 
vessels (fig s), and theie is consideiable vaiiation m the geneial aichi- 
tecture of the lesion in the difleient cases In ceitain cases theie aie 
no maiked eaily changes m the neive cells, but the piohfeiation of the 








'.■^,--'"-'r^:,^.'. -jC. ’'-' ^-/f i . 



Fig 4 — \ vessel in the anterior horn of the cervical portion of the spinal 
cord, showing an excessne accumulation of fluid about it and rupture of the 
perivascular space The section was taken from a child 2 3 'ears and 9 months 
old who had been sick evith the disease for three dajs, and who died in a con- 
vulsion This child ga\e a positive Kermg sign 
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Fig 5 — A section of the lumbar region of the spinal cord in a colored girl, 
aged 5 j'^ears, who had been sick for four daj's and had paralysis of the leg for at 
least forty-eight hours before death The figure shows secondary changes m the 
nerve cells and necrosis and the formation of abscesses about a few of the peri- 
vascular spaces 
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Fig 6 — Blood -vessels of tlie lumbar region of the spinal cord in a -white boy, 
aged 3 3 cars The child had been known to be side for only three da3^s The sec- 
tion shows an c\cessnc proliteiation of endothelial cells about several of the 
smaller blood \csscls 



Fig 7 — Vessels m a section of the cervical region of the spinal cord m a 
colored girl, aged 4 years, w’ho had been sick for five days The upper extremities 
of this child had been paralyzed fort3 -eight hours before death The section shows 
an activ'-e proliferation of the endothelial cells of the perivascular spaces without 
edema and some proliferation of the glia cells 
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endothelial lining cells of the perivascular spaces becomes excessive 
These cells not only distend the space, but they spread to fill the adjacent 
nerve tissue (fig 6) In other cases the spaces meiely become dis- 
tended with these cells, the cell breaking the wall of the space at only 
a few places (fig 7) The gha cells may oi may not show evidence of 
proliferation in either of these types 

In a third group, the pictuie may be different The proliferating 
endothelial cells migiate diiectly into the neive tissue The space is 
often devoid of fluid The nerve tissue about the vessel shows fatty 
changes, and there is an evident proliferation of the adjacent gha cells 
Uig 8) 



Fig 8 — A section taken from the cervical region of the spinal cord of a white 
boy, aged 7j4 years, who had been sick for five days, including a remission The 
upper extremities of this child were paralyzed two and a half daj^s before death 
The proliferating endothelial cells have migrated into the nerve tissue The nerve 
tissue shows fatty changes, and there is very evident proliferation of the gha cells 


While Hurst has tried to show that the primary lesions of the 
central nervous system are m the nerve cells rather than in the lymphatic 
channels, it seems evident that he drew these conclusions because he was 
looking at the end-result of a chain of pathologic processes rather than 
at the primary lesion He did not studjr the disease in man but in 
monkeys, and m monkeys that had been inoculated with the virus and in 
many of which this virus had been intioduced directly into the central 
nervous system Monkeys are very susceptible to the virus, and the 
destruction is often much more marked in their nerve tissue than in 


10 Hurst, E W The Histology of Experimental Poliomyelitis, J Path & 
Pact 32 457, 1929 
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that of human beings Any evidence of a piimaiy destruction of the 
nen^e cells was absent in oui case, and a caieful suivey of Hurst’s 
description dispioves his deductions the lesions that he desciibed m the 
hi am at the hoidei of the chief paits in\olved showed only involvement 
of the peiivasculai spaces and no change m the neive cells 

Clark and Amoss “ had already shown that when monkeys are 
infected b} an mtiaspmal injection, the meninges may become infected 
without paialjsis, showing, as thci stated, that the changes m the mtei- 
stitial tissue in the meninges, blood vessels and ground substance pla} 
a determining pait 

A Disease of the Lymphatic Ti<:sncs — It seems quite evident, theie- 
fore, from all available evidence at the piesent time that the piimary 
lesions of the poliomyelitis aie not m the cential neivous system 
Poliomyelitis is probably a misnomei as it is applied to the disease 
as a w'hole It is merely a complication of a widespread infectious 
disease This disease is not a piimaiy disease of the cential neivous 
system it is a disease of the lymphatic systems of the body The lesions 
presented are not of the kind in ivhich pus appeals early, but the lesion 
IS lather that of an acute by pei plastic lymphadenitis 

While it is possible that the disease may be made to entei monkeys 
by ivay of the nasal passages, in the gieatei niimbei of cases m man the 
disease enters appaiently by^ %vay of the intestinal oi gastio-intestmal 
tract Clinically, in the gieat majoiity of cases, the disease begins as a 
gastro-intestmal upset, and pathologically, the most pionounced lesions 
are usually found in the sohtaiy^ follicles and Peyer’s patches of these 
parts From these lymiphatic stiuctuies it spieads to other parts of the 
body until the immunity^ of the jjatient ovei comes its activity^ At the 
present time, the great majority' of peisons lecovei after a small involve- 
ment of these tissues, -while in others the lymphatics thioughout the 
entire organism become involved, and paralysis oi death may' inteivene 

DirncuLiins i:ncounti:i{i;d in combaiing the disease 

Inadequacy of Piesent Methods of Quai antiiic — I bung these facts 
forward because it seems that the present geneial attitude and methods 
of quarantine can have little influence in stopping the spread of this 
infection Pohomy'ehtis. as it is now termed, is piobably' always piesent 
as a sporadic disease, and it appeals in epidemic form as often as it is 
carried into isolated districts oi a new ciop of childien develops in the 
older communities This deduction has been boine out not only by 
clinical studies, but by' lecent expeiimental evidence Paralyses are 
more common in the northern than in the southern parts of this country 

11 Clark, P F, and Amoss, H L Intraspinous Infection in Poliom 3 'elitis, 
J Exper Med 19 217, 1914 



44 


ARCHIVES OF INTERNAL MEDICINE 


Epidemics are moie common in the cities than m the countiy A} cock 
and Kramer studied the blood of adults in both urban and lural popu- 
lations, who, so far as they knew, had ne\ci had the disease The blood 
of these persons was tested on monkeys foi their ability to neutrali/e 
a viiulent virus The blood of as man) as 69 per cent of those from the 
cities neutralized the virus, while only 20 7 pei cent of those from country 
districts showed the existence of such immune bodies In the same 
manner, these authors studied the blood of adults fioni cities m the 
South They found as man} immune theie as in the North, showing 



Fig 9— A section of the tonsil of a white bo\, aged 6j4 jears, vho had been 
sick for four da}'’s It shows the t\ pical Iia perplasia seen in other 1} mphoid tissues 
of the body 


that the disease must exist there as elsewheie, but that fewer show com- 
plications of the cential nervous system 

It thus becomes evident that if this disease is to be eiadicated fiom 
the community, it must be attacked in a mannei difteient from that used 

12 Aycock, W Llo 3 'd, and Kramer, S D Immunity to Pohomj'ehtis in 
Normal Individuals in Urban and Rural Communities as Indicated by the Neu- 
tralization Test, J Prev Med 4 189 (May) 1930 

13 Aycock, W Lloyd, and Kramer, S D Immunity to Poliomyelitis in a 
Southern Population as Shown by the Neutralization Test, J Prev Med 4 201 
(May) 1930 
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at the present time It is evidently a widespread infection To protect 
any person against it would necessitate complete isolation throughout 
his entire life As Frost pointed out, the cases in which paralysis 
occurs are geneially widely separated, and it is of little use to quarantine 
these patients vhile theie are probably hundieds of otheis at large carry- 
ing germs as virulent as do those who have suifeied permanent disability 

Infantile Paialysis a Misnonici — The name infantile paralysis is 
also misleading While it is ti ue that childi en are most often attacked, 90 
per cent of the cases appealing piobably m children from 1 to 10 years 
of age (Parkes and NeaP), adults are not immune unless they have 
already come m contact a\ ith the vii us The high incidence m children 
IS probabh due only to the fact that the disease is most contagious and 
\ery widespread It is similai to measles in this legard Most adults 
escape m any epidemic because the}' have sufteied fioni the disease at 
a preMOus time One attack seems to be ample to produce immunity 
Fiost“ noted m an epidemic in New York City that sixty-five children 
to one adult were affected In the epidemic m low'a, on the other hand, 
where the population is moie scatteied and the chances of previous 
infection are less theie weie only six children sick to one adult 

Difficulty of Diagnosing Mild Cases — The difficult} of following 
accuralel} the course of an} epidemic of poliomyelitis is the mild char- 
actci of most cases and the difficulty of distinguishing them fiom any 
other form of gastio-mtestmal distuibance In a careful study of an 
epidemic in an apai’tmcnt house m Baltimoie, wdiich Paik and I were 
able to make m 1916,’' we found that evei} child became ill wdio had 
previous!} come in contact with the fiist child infected or wnth others 
infected from him While there seemed to be little doubt that each ot 
these children had the disease, it w'ould ha\e been difficult to piove its 
existence m many of them if others had not showm m^olvement of the 
central ner\ous tissue 

This difficulty of making a diagnosis in the mild foims of the disease, 
}et the evident widespread character of the infection, is w'ell illustrated 
111 the recent epidemic in California A laige numbei of cases of gastro- 
intestinal infection existed in the small vicinity about my own residence 
Tw'o of my owm children became ill with headache, vomiting and fever, 
the indisposition lasting one da} in one case and tw'O days m the other 
The wife of a neighboi, a woman 31, had been ill nine days pieviously 
with vomiting and headache She recoveied in a few da}s Thiee da}s 

14 Frost, W H The Epidemiology of Poliomyelitis, J Iowa M Soc 19 
223 (May) 1929 

15 Burrow's, M T, and Park, E A Ihe Study of a Small Outbreak of 
Poliomyelitis m an Apartment House, Occurring m the Course of an Epidemic 
in a Large City, Arch Int Med 20 56 (July) 1917 
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after the onset of her tiouble, her husband became ill with something 
peculiar to his experience The onset of his illness was sudden His tem- 
perature lose to 102 5 F, and he suffered from a severe and peculiar 
headache They had been patients of mine, and I was called to see him 
The history revealed an obstinate constipation, also The examination 
showed very little or no coating of the tongue, but slight enlargement 
of the cervical, inguinal, axillary and epitrochlear glands The abdomen 
was slightly distended, but one could with slight pressure feel small gas 
pockets over the whole of it A diagnosis of poliomyelitis seemed most 
logical A saline cathartic was ordered The temperature went down 
promptly The patient was quite ill for fi\ e days, and he remained weak 
and exhausted for another twelve days 

COURSE or THE DISEASE 

4 

Penod of InciibaUon — In this small epidemic about my own lesi- 
dence in Calif oinia, the period of incubation was, I calculated, from 
three to five days Aycock and Luther gave the pei lod of incubation 
as from six to twenty days In the apaitment house in Baltimoie, 
where all contacts could be followed caiefully. Park and concluded 
that the period of incubation was fiom three to seven days 

Paralysis, a Comphcafwn — ^While it is tiue that infectious diseases 
of all types exist in a mild foim in many persons and that others appar- 
ent!} escape them entirely, the picture m poliomyelitis is someiiliat 
different The disease always begins as a systemic distuibance The 
great majorit} of the cases are mild Paralysis is evidently a raie 
occurrence The paral}sis thus appeals to be a complication rather 
than a primary part of the condition It is similar to the nephiitis that 
may complicate scarlet feier While the s}mptoms of the central 
nervous system ma} follow the systemic symptoms at once m a few 
cases, there is generally a remission between the systemic S3mptoms 
and the paralysis 

Transmission — The disease is probably tiansinitted fioin patient to 
patient by direct contact The germs may be earned m the mouths of 

16 Edema is one of the striking changes in the tissues in this disease Salts 
are indicated because the treatment should be directed toward relieving this edema 
and the resulting pressure Aycock and Amoss have noted some results after the 
injection of hypertonic solution of salt together with serum in an attempt to cure 
the disease in monkeys (Aycock, W Lloyd, and Amoss, H L Experiments 
on Local Specific Therapy in Poliomjmlitis Utilization of Hypertonic Solutions 
m the Serum Treatment of Experimental Poliomyelitis, Bull Johns Hopkins 
Hosp 34 361 [Nov] 1923 ) 

17 Aycock, W Lloyd, and Luther, Eliot H The Incubation Period of 
Poliomyelitis, J Prev Med 3 103 (March) 1929 

18 Peabody, Draper and Dochez (footnote 7) Leake J P The Diagnosis 
of Poliomyelitis, Pub Health Rep 32 1831 (Nov 2) 1917 
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healthy peisoiis as well as in the mouths of patients Patients harbor 
the geims foi at least several days after having appaiently lecovered 
completely Paik and I found what appeared to be evidence of the 
geims 111 the mouth of one patient nineteen days aftei complete recoveiy 
Theie i\as no evidence of the disease m the nasal and pharyngeal wash- 
ing of this patient and of another patient thirty-five days after they had 
lecovered fiom the disease (Bui rows and Paik^®) 

Pi evalciicc — As I have alread}^ stated, poliomyelitis is evidently as 
widcspiead as any infectious disease It is evidently piesent at all times 
m thickl}^ populated distiicts and occuis in epidemic foim as soon as a 
nei\ crop of childien of consideiable numbei develops m that district 
In many of the laiger eastern cities these epidemics occur moie or less 
legularh e\er3'' two to six }eais, and the high incidence is m childien 
fiom a ie\N months to 6 3^eais of age The question of escaping 
paralysis is cMdcntl3 a question of one’s lesistance to the disease 

In the epidemic of 1916, as man3' cases m which paralysis occuiied 
existed as m an3 epidemic Even m this epidemic we calculated that 
within the field of oiii observation theie weie 1,500 cases in- which 
parahsis occuiied, 250 in which it did not occui and 50 cases terminat- 
ing m death In the cases that we studied we found a gioup of children 
well isolated lOi a time fiom the infection The disease was introduced 
to one family finally, houevei, hy an adult eairier Eveiy ehild m the 
apaitment house who came m contaet wnth this family or with children 
w'ho had made this contact became ill, wdiile those wdio did not make 
these contacts lemaincd well 

In this paiticulai isolated gioup, 01113^ twm of the twelve childien who 
w^eie ill became paral3zed Muscular w^eakness was present for a time 
in a few, olheis show'cd meningeal S3miptoms, and otheis only headache, 
ferei and gastio-intestinal distuibance of shoit duiation 


CLINICOPATIIOLOGIC CORRELATIONS 

In the cases that came to autopS3'' the pathologic changes were as I 
hare outlined them Theie was a geneial l3nnphoid hypeiplasia reaching 
its maximum in Peyei's patches, the solitai3’- l3anph follicle of the gastro- 
intestinal tiact and the inesenteiic l3Tnph nodes In many of the cases, 
no l3inphoid tissues escaped except peihaps the peiivascular spaces of 
the brain itself, in others, the spiead w^as moie iiiegular and patchy 
Onl3f a pail of the lymphoid tissue w^as involved, and 01113^ paits of the 
spinal cord, pons and medulla show'ed changes 

19 Flexner, S , Clark, P F , and Fraser F R Epidemic Poliomyelitis 
Fourteenth Note Passive Human Carnage of the Virus of Poliomyelitis, J A 
M A 60 201 (Jan 18) 1913 
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Careful clinical studies have divided the cases into several groups 
One classification that may be given is as follows 

Mild Meningeal Ataxic 

Abortive Paralytic Cerebral 

Landry’s 

No ceiebial type of case was encountered by us in the Baltimore 
epidemic or elsewhere, although such types have been described in other 
epidemics Ataxic types, on the other hand, were seen In the fatal 
cases that came to autopsy we found no involvement of the cerebral or 
cerebellar cortices The basal nuclei of the brain also showed no evi- 
dence of the disease, while the dentate nucleus of the cerebellum was 
involved m about one third of the cases We were inclined to believe, 
therefore, that the ataxia m ceitain cases might indicate an involvement 
of this nucleus without injury to the respiiatory centei 

The ganglions of the dorsal roots of the spinal and the cei ebi al nerves 
frequently showed changes, while the nerves themselves were always 
free from inflammatory changes In the three cases of epidemic 
encephalitis that I studied,® the picture was diffeient Theie was involve- 
ment of the cerebral coitex and the basal nuclei of the brain The 
cranial nerves also always showed inflammatoiy changes These pecu- 
haiities separated the cases of epidemic encephalitis from poliomyelitis 
As Leake clearly pointed out, the systemic changes that are present 
m all cases are fever, headache and gastro-mtestmal disturbances The 
latter disturbances, which have been noted most often, aie constipa- 
tion and slight distention Diarrhea has been seen in certain epidemics 
however Sore throat may be present but it is not common, as are the 
gastro-mtestmal symptoms The common picture seen at the onset of 
the disease in this country has been headache, fever (geneially pro- 
nounced ) , constipation and vomiting 

We found the tonsils involved m all fatal cases, but this involvement 
was not as pronounced as that seen in the Peyer’s patches and the soli- 
tary follicles of the intestines The tonsils showed microscopically the 
same hyperplasia, however, as that seen m other lymphatic tissue (fig 9) 
In more than half of the fatal cases m which I performed an autopsy 
the whole of the spinal cord showed pathologic changes These changes 
were most advanced in the lower part of the cord The picture in these 
cases was that of Landry’s paralysis In the other cases, the lesions were 
focal, one part of the cord being involved m one case and another m 
others The muscles most frequently involved m the nonfatal cases 
were the gastrocnemius m the legs and the deltoid in the arms Death 
intervened in two of the fatal cases apparently from an immediate in- 
lolvement of the upper cervical cord and the medulla 

As Leake also pointed out, the meningeal symptoms when present 
are not so pronounced as those seen in tuberculous and other infections 
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of the meninges One might draw this conclusion from a comparison 
of the pathologic pictures alone The patients in the epidemic m Balti- 
more who showed marked meningeal symptoms and who succumbed 
later and weie brought to autopsy were found to have been suffering 
from tuberculous meningitis 


SUMMARY 

While the exact poital of entry of poliomyelitis is not known, from 
the clinical and pathologic studies available it seems that the disease 
must enter by way of the gastro-mtestinal lymphatics (Peyer’s patches 
and the solitary follicles) S}mptoms in the latter region are always 
present, while symptoms in the throat are not common From this 
poital of entry the disease spreads to contiguous lymphatic tissues in the 
body In the mild cases, immunit}^ and recovery lesult after a limited 
amount of this tissue is in\olved In the less resistant cases, wider ex- 
tension results, even to the m\olvement of the lymphoid structures of 
the central ner\ous system 

In this regard the disease resembles othei infectious diseases When 
a number of persons are infected, foi instance, with streptococcal sore 
throat, in one the disease ends after an involvement of the throat alone , 
in another it spreads from the throat to the laiynx and trachea, in 
anotliei to the bronchi, and m others pneumonia and death result So in 
infantile paialysis, it appears that, in the great mass of cases, immunity 
develops vith mvohement of small parts of the peripheial lymphatic 
tissue, in others, moie of this tissue is involved, so that one may palpate 
the cervical, axillar}, inguinal and even the epitrochlear and popliteal 
lymph glands, m still others, the infection spreads to the lymphatic 
structures of the none tissue 

While there was a time vhen it was thought that poliomyelitis was 
peculiar m that cases of it aie often widely separated, it has now become 
known that this is not true It is evidently only a complication in a 
widespiead infectious disease Most persons show a striking resistance 
to this infection An mvohement of the gastro-intestmal lymphatics 
alone is the picture seen in most of them Many others do not show 
these s}mptoms to an extent sufficient to stop their ordinary pui suits 
of life 

It IS in the light of these facts and the pathology as it is known that 
I have suggested that the name infantile paralysis be changed It is 
possible that such a change in the name and the new attitude that it may 
create will lead to a more i apid advance m the knowledge of the nature 
of the disease Such a change in name may also create a more under- 
standing attitude toward it on the pait of the laity and correct some of 
their false impressions At the present time the methods of quaiantine 
are evidently inadequate and probably quite useless in most instances 
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Since it appears that this disease is as widespread as measles, and since 
the great majority of cases are mild, it does not seem likely that a suffi- 
cient number of cases can be recognized to stop any epidemic by quaran- 
tine It IS evident, therefore, that other methods must be devised It 
seems necessary from the clinical and pathologic studies already made 
that some method be devised by which the lesistance of the whole 
population can be raised Some method of vaccination oi inoculation 
such as that used m diphtheria may be the means by which the hideous 
aspects of this disease can be removed A mild infection with poliomy- 
elitis seems to leave no bad effects It is the paialysis or paralysis and 
death that await the few m every'- community'^ that must be guarded 
against 

CONCLUSIONS 

1 The pathology of pohomy'^ehtis has been described as studied m 
a senes of about fifty autopsies 

2 The present-day attitude of students of the clinical aspects of 
this disease has been leviewed with certain oiigmal observations 

3 The name acute lymphatic hypeiplasia has been suggested for 
this disease m order that all cases may be properly included under the 
name The names “infantile paialysis” and “poliomyelitis” designate 
only a few of the cases existing at any time in the community 

4 Evidence is brought forward to show that the present methods 
of quarantine are inadequate Some method of inoculation or some 
othei measure must be devised to raise the resistance of the whole 
population if the few are to escape paralysis and death fiom it 

94 North Madison Avenue 



EXPERIMENTAL EDEMA ' 


S\MUEL A SHELBURNE, MD 

DALLAS, TLXAS 
AKD 

WILLIA]\I C EGLOFF, MD 

LOSION 

The Stalling hypothesis, which holds that the exchange of wate^ 
between the blood and the tissue fluids thiough the capillary wall is 
detei mined by a delicate balance between the Itydiostatic piessuie in the 
capillaries and the osmotic piessuie of the plasma piotems, has been 
almost definite!} established by leseaich woik, both expeiimental and 
clinical In 1926, Landis^ measuied the capillai} piessure by intio- 
ducmg the miciopipet into the capillaries of the mesentery of the fiog, 
and found a giadient of piessuie langing fiom 14 5 cm of watei at the 
arteiial end to 10 cm at the venous end He found that filtiation out- 
vard occurred i\hen the pressuie was above 115 cm of water White - 
found the osmotic pressuie of the plasma piotems of the fiog to be 
fiom 10 to 12 cm of vatei Recently Landis® (1930) measured the 
capillaiy blood piessuie in human skin and found that it langed fiom 
32 mm of meicuiy in the aiteiiolar limb to 12 mm of meicury m the 
venous limb The osmotic piessuie of plasma piotems in man langes 
from 23 to 28 mm of meicuiy Leitei ^ (1928) added further evidence 
\ihen he pioduced edema In loweiing the plasma piotems of dogs This 
was accomplished b} the selectuc lemoral of the plasma (plasma- 
pheresis) Similai obserrations weie published b} Baiker and Kirk® 
(1930) 

The clinical CMdence has been of no less value Csataiy® (1891) 
noted that there was a dcciease in the plasma proteins in some patients 
with nephiitis and that the albumin was loweied moie than the globulin 
These obsei rations weie confiimed by Lmdei, Lundsgaaid and Van 

Submitted for publication, Oct 16. 1930 

■* From tlie Medical Clinic of the Peter Bent Brigham Flospital and the 
Medical Laboratories of the Har\ard Medical School 

1 Landis, E M The Capillary Pressure in Frog Alesenterv as Determined 
by Micro-Injection Methods, Am J Physiol 75 548, 1926 

2 White, H L On Glomerular Filtration, Am J Phvsiol 68 523, 1924 

3 Landis, E M Micro-Injection Studies of Capillary Blood Pressure in 
Human Skin, Heart 15 209, 1930 

4 Leiter, Louis Experimental Edema, Proc Soc Exper Biol & Med 26 
173, 1928 

5 Barker, M H , and Kirk, E J Experimental Edema, Arch Int Med 
45 319 (March) 1930 

6 Csatary, A Ueber Globinune, Deutsches Arch f khn Med 48 358, 1891 
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Slyke" (1924), as well as by otheis With Starling’s hypothesis in 
mind, Epstein ^ expressed the belief that the edema in nephrosis is due 
to the low plasma piotem, and he introduced the diet high in protein 
to correct this deficiency This woik was confirmed by Moore and 
A^an Slyke « (1903) 

We started the experiments repoited here with the puipose of 
producing edema by plasmapheresis in older to study the effect of 
electrolytes on edema We adopted essentially the method used by 
Barker and Kirk ° in this laboratory last yeai This method of bring- 
ing about edema depends on the daily removal of a large amount of 
blood plasma Reaccumulation of the plasma protein is prevented by 
giving a diet deficient in protein As a lesult of this reduction in plasma 
proteins, the osmotic pressure which these proteins exert falls below 
tbe capillary pressure, and fluid passes into tbe tissues Experiments 
on three dogs are reported here The dogs were fed a diet low in 
protein but adequate in carbohydrate and fat (diet A) The first dog 
(dog 1) was used purely as a control on the diet, but after a long 
period on this diet, the plasma proteins fell so low that the addition 
of salt and watei admmisteied by stomacb tube precipitated a massive 
edema Edema was produced by diet and plasmapheresis m the other 
two dogs (dogs 2 and 3) The action of various salts on both types 
of edema was studied A compaiison is drawn between the pathologic 
and chemical observations m these two types of edema 

PRODUCTION OF EDEMA IN A DOG BY A DIET LOW IN PROTEIN 
BUT ADEQUATE IN CARBOHYDRATE AND EAT 

Schittenhelm and Schlecht studied the edema of malnutrition and 

found the serum proteins low Denton and Kohman (1913) found 

7 Linder, G C , Lundsgaard, C, and Van Slvke, D D The Concentration 

of the Plasma Proteins in Nephritis, J Exper Med 39 887, 1924 

8 Epstein, A A Concerning the Causation of Edema in Chronic Paren- 

chymatous Nephritis Method for Its Alleviation, Am J AI Sc 154 638, 1917 

9 Moore, N S , and Van Slyke, D D The Relationships Between the 
Plasma Specific Gravity, Plasma Protein Content and Edema in Nephritis, J Clin 
Investigation 8 337, 1930 


10 Diet A 

Grams 

Calories 

Protein 

Total Base 

Chlorides 

Baked potato 

50 

42 

1 10 

0 246 

0 019 

Cream 

50 

193 

125 

0128 

0 040 

Turnip 

200 

41 

2 60 

0 950 

0 041 

Butter (unsalted) 

25 

199 

0 25 

0 028 

0 030 

Lactose 

60 

240 






715 

5 20 

1 352 

0130 


11 Schittenhelm, A , and Schlecht, H Ueber Oedemkrankheit mit hypo- 
tonischer Brad 3 ’^kardie, Berl med Wchnschr 55 1138, 1918 

12 Denton, M C , and Kohman, E A Feeding Experiments with Raw and 
• Boiled Carrots, J Biol Chem 36 249, 1918 
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that edema developed in lats fed on caiiots Frisch, Mendel and 
Peteis^^ (1930) confirmed these experiments and revealed that the 
total plasma pioteins weie low in their rats They also made deal 
that vitamin deficiency played no part in the edema produced in this 
way We have been unable to find any leference to the production of 
edema in dogs b}^ the use of diets deficient in protein 

Dog 1 was chosen at the beginning of our experiments as a control 
animal foi a diet which would be most favorable for the production 
of edema by plasmapheiesis Howe\er, after she had been fed this 
diet foi eighty-eight days, the plasma proteins fell so low that we were 
able to precipitate massive edema b}^ the addition of large amounts of 
water and sodium chloride by stomach tube She was gi-ven an equal 
amount of vater and salt at one period before the level of the plasma 
protein fell No edema appealed, and there was no increase in the 
weight The observations made on this dog are given m detail m the 
following protocol 

Dog 1 — Tins dog was a healthy, well nourished female bull terrier, weighing 
16 9 Kg She was given diet A every day for a period of ninety-eight days, and 
at no time was plasmapheresis performed The determinations of the total plasma 
protein, fibrinogen, albumin and globulin were done by the combined methods of 
Hoive,^^ Wu and Koch and J^lclileekm,!** as described by Hawk and Bergheim,^’’ 
that for the blood cholesterol as described by Bloor, Pelkan and Allen, is that for 
the blood chloride by the blood method of Whitehorn and that for the blood 
creatinine by the method of Fohn 20 determinations were also made with the 
hematocrit All determinations \vere made on arterial blood collected in tubes con- 
taining 3 mg of sodium oxalate per cubic centimeter of blood drawn The dog was 
placed m a metabolism cage, and the urine collected over periods of two and three 

13 Frisch, R A , IMcndel, L B , and Peters, J B The Production of 
Edema and Serum Protein Deficienc\ m White Rats by Low Protein Diets, J Biol 
Chem 84 167, 1929 

14 Howe, P E The Determination of Proteins in the Blood, A Micro 
jMethod, J Biol Chem 49 109, 1921 

15 Wu, Hsien A New Colorimetric Method for the Determination of 
Plasma Proteins, J Biol Chem 51 33, 1922 

16 Koch, F C, and McMeekin, T L A New Direct Nesslerization Micro- 
Kjeldahl Method and a Modification of the Nessler Folin Reagent for Ammonia, 
J Am Chem Soc 46 2066, 1924 

17 Hawk, P B , and Bergheim, O Practical Physiological Chemistry, ed 9, 
Philadelphia, P Blakiston’s Son & Company, 1926 

18 Bloor, W R , Pelkan, K F, and Allen, D M Determination of Fatty 
Acids (and Cholesterol) m Small Amounts of Blood Plasma, J Biol Chem 52 
191, 1922 

19 Whitehorn, J C Simplified Method for the Determination of Chlorides 
in Blood, J Biol Chem 45 449, 1921 

20 Folin, O Laboratory Manual of Biologic Chemistry, ed 4, New York, 
D '\ppleton & Company, 1927, pp 165 and 243 
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days was analyzed for chloride and creatinine by the methods of Fohn 21 and for 
total nitrogen by the method of Folm and Denis 22 Fresh specimens of urine were 
collected frequently for routine clinical analysis The preliminary control studies 
gave normal results (table 1) 

The dog consumed an average of about 75 per cent of the diet She lost 
weight gradually, showing progressive weakness and muscular wasting, but she 
otherwise remained m good health throughout the experiments, except for a 
corneal ulcer which developed during the last two weeks The rectal temperature 
varied from 101 to 102 F, which is within the normal range for dogs After 
she had been on diet A for twenty-eight days, the total plasma protein had dropped 
from 6 8 to 4 7 Gm per hundred cubic centimeters, and the albumin-globulin ratio 
had changed from 4 22 to 18 16 The fibrinogen changed from 06 to 0 3 
Gm per hundred cubic centimeters At this time, the dog was fed 13 5 Gm 
sodium chloride m 1,600 cc of ivater by stomach tube daily for three days The 
solution was isotonic and did not cause diarrhea The total output of urine for 
the three days was 4,500 cc , and practically all the chloride was excreted The 
output of creatinine was also normal There was no edema present and no gam 
in weight 

On the eighty-third da}', the total plasma protein had fallen to 3 2 Gm per 
hundred cubic centimeters, and the albumin-globulin ratio was reversed, i e, 
13 17 At this time the same amounts of sodium chloride and water used before 
(13 5 Gm in 1,600 cc of w'ater) w'ere given daily for three days Definite pitting 
edema w'as noticed at the end of the first day, and at the end of the third dav 
subcutaneous edema w'as marked Ascites was easily demonstrable The dog’s 
weight had increased 1 9 Kg during the three days About half the chloride w as 
excreted 

Immediatel} following this period, beginning on the eighty-sixth day, the dog 
W'as given 800 cc of water with no added salt for tw'o days On this regimen 
she lost weight and the edema decreased, but did not disappear On the eighty- 
eighth day, the edema and w'eight were again increased by the addition of sodium 
chloride and water The next day, 1,600 cc of water alone W'as added, and the 
animal lost weight Then for the next tW'o days she W'as given 11 Gm of potas- 
sium chloride in 1,200 cc of water by stomach tube There was no increase in 
edema or weight, m fact, she lost 0 8 Kg Following this period, sodium chloride 
and W'ater were again administered, and the usual increase in edema and w'eight 
occurred 

The cholesterol remained normal except for two determinations on the seventy- 
seventh and eighty-fourth days, w'hen the readings were 417 and 409, respective!} 
Both of these readings w'ere controlled by determinations on normal blood The 
blood pressure did not vary from the normal Frequent routine urinalyses showed 
no abnormalities 

The dog was killed on the ninety-eighth day by the intravenous injection of 
10 cc of ether, and autopsy was performed There was moderate subcutaneous 
edema, and 600 cc of slightly opalescent fluid was removed from the peritoneal 
cavity The specific gravity of this fluid w'as 1005, the total protein, 017 per 
cent, and there was 410 mg of chloride per hundred cubic centimeters The 
muscles were normal in color and consistency, but w'ere greatly w'asted The left 

21 Fohn, O On the Determination of Creatinine and Creatine in Urine, J 
Biol Chem 17 469, 1914 

22 Fohn, O , and Denis, W Nitrogen Determination by Direct Nessleriza- 
tion, J Biol Chem 26 486, 1916 
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grams of plasma protein per hundred cubie eentimeters of blood, Alb , grams of plasma albumin pei hundred eubic centimeters of blood, Glob , grams of plasma 
globulin per hundred cubic centimeters of blood, Fib , grams of fibrinogen per hundred cubic centimeters of blood, Choi , milligrams of cholesterol per hundred 
cubic centimeters of blood, BIIN, milligrams of urea nitrogen per hundred cubic centimeters of blood, B1 Cr , milligrams of creatinine per hundred cubic centimeters 
of blood, B1 Cl, milligrams of chloride per hundred cubic centimeters of blood, Ur Or, milligrams of creatinine in urine per twentj four hours, Ur Cl, grams of 
chloride in urine per tnentyfour hours, Ur h, grams of nitrogen in urine per twenty four hours, and Ur Alb, albumin in urine 
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kidney weighed 42 Gm , the right 43 Gm Grossly, the kidneys appeared normal 
The capsules stripped with slight difficulty, leaving a smooth surface The ratio 
of the width of the cortex to that of the medulla was normal The bladder urine 
showed no albumin, and the sediment showed only an occasional white blood cell 
The other organs were normal in weight and appearance 

The microscopic sections were examined by Dr R Z Schulz and Dr S B 
Wolbach Microscopic sections of the kidneys, stained with eosin-methylene blue 
(methylthionine chloride, U S P ) and scarlet red, showed a fatty degeneration 
of the collecting and the distal convoluted tubules and a slight degree in the 
proximal tubules This involvement was of moderate degree The nuclei of the 
involved tubules were not pyknotic Occasional loops of Henle contained a few 
cells with fine fat droplets A few hyaline casts were present The glomeruli were 
of normal appearance, with no evidence of inflammatory cell infiltration, prolifera- 
tion of the epithelium, fibrosis or deposit of fat either in the intracapsular space or 
about the capsules The stroma of the kidney was not increased Aside from the 
fattv degeneration, there were no areas suggesting either a healed or an active 
lesion The degree of fatty change was more marked than in dog 2 

The liver showed a moderate degree of fatty infiltration which was in both the 
central and the portal areas , the latter, however, were more extensively involved 
The majority of the cells had hypochromatic cytoplasm which was due to fat 
vacuoles, but in others it was due to the poor staining qualities of the cytoplasm 
A considerable number of Kupffer cells filled with a brownish pigment were found 
in the sinuses The portal spaces were quite normal m appearance, and there was 
no fibrosis or infiltration with inflammatory cells 

COMMENT 

This animal was the only one used as a control for the diet, so at 
present we are able to report on only one expeiiment of this type 
Further work will be necessary to establish the fact that such a diet 
will produce edema in most dogs Since so much depends on the intake 
of protein, it may be worth while to emphasize again the fact that this 
dog ate only three fourths of the diet each day We believe that this 
method of producing edema m dogs ofters a splendid means for the study 
of the various problems of this subject 

The microscopic sections of the kidney showed fatty degeneiation of 
the collecting and distal convoluted tubules These observations aie 
identical with those in the sections fiom the kidneys of the dogs m 
which edema was produced by plasmapheresis (see piotocols of dogs 2 
and 3) There was no evidence of glomerulai nephiitis m these tissues 
The liver also showed fatty mfiltiation 

There was no evidence of lenal insufficiency, the uiea nitiogen of 
the blood remained normal, and there were no urinaiy abnoimalities 
The rise in the cholesterol at one period is interesting This has been 
observed in dogs that have been starved over a long period of time 
We checked the diet for vitamin deficiencj'’, and it was apparently ade- 

23 Muller, Gulli Lindh The Cholesterol Metabolism in Health and Disease, 
Medicine 9 119, 1930 
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quate except foi vitamin E (antisteiility) The corneal ulcer seemed 
to be tiaumatic It certainly could not be related to a deficiency in 
vitamin A, as this vitamin is most abundant in buttei and cieam 

The results of the expeiiments on the effects of sodium chloiide and 
potassium chloiide on the edema of dog 1 are discussed in the next 
section 

THE INFLUENCE OF CERTAIN ELECTROLYTES ON EXPERIMENTAL EDEMA 

The impoitance of the electiolytes in the edema of patients with 
cardiac and with renal disease was leahzed by Widal (1903), when 
he advocated a diet with a low content of sodium chloi ide f oi the coi rec- 
tion of this condition Widal consideied the chloride ion as lesponsible 
for the retention of the water Blum (1909) showed that it is 
piobably the sodium ion that the kidne}^ has difficulty m excreting 
Blum and his associates-® (1921), Magnus-Levy (1920) and 
Pfeiffei (1911) found that edema m patients is inci eased by the 
ingestion of sodium chloiide, sodium bicarbonate or sodium bromide, 
but that potassium chloride, ammonium chloride or calcium chloride fails 
to increase the edema These lesults strongly suggest that the sodium 
ion rathei than the chloride ion is, of the two, the more impoitant 
factor 111 the pioduction of edema 

Blackfan and Hamilton-® (1927) demonstrated a low total base in 
the serum of children suffeiing with nephiosis Albiight and Bauer®® 
(1929), in their caieful study of a patient with nephrosis, made clear 
the definite lelationship between diuiesis and the total base excretion m 
the urine and feces 

Van Slyke (1925) applied the influence of the Donnan equilib- 
rium to the problem of edema The influence of the nondiffusible 

24 Widal, F , and Javal, A La cure de dechlororution, Bull et mem Soc 
med d hop de Pans 20 733, 1903 

25 Blum, L Ueber die Rolle von Saben bci der Entstehung von Oedemen, 
Verhandl d Cong f inn Med 26 122, 1909 

26 Blum, L , Aubel, E , and Hausknecht, R Le mechamsme de I’action du 
chlorure de potassium dans Ics nephrites hj^drnpignenes, Compt rend Soc de biol 
85 123, 1921 

27 Magnus-Levy, A Alkahchloride und Alkahkarbonate bei Oedemen,. 
Deutsche mod Wchnschr 46 594, 1920 

28 Pfeiffer, Emil Wasserretcntion durch Natriumsalze, Verhandl Cong f 
inn Med 28 506, 1911 

29 Blackfan, K D , and Plamilton, B Study of the Inorganic Constituents 
of the Serum in Children with Acute Nephritis, Bull Johns Hopkins Hosp 41 
322, 1927 

30 Albright, F , and Bauer, W Acid Base Balance m Nephritis, J Chn 
Investigation 7 465, 1929 

31 Van Slyke, D D Factors Influencing the Distribution of Electrolytes, 
Water and Gases m the Animal Body, Philadelphia, J B Lippincott & Company 
1926 
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piotein ion in causing an unequal distribution of the diffusible ions (the 
electrolytes of the plasma) will account for aliout one fifth of the total 
osmotic pressure of the plasma when in equihbiium with Ringei’s 
solution If the plasma pioteins are reduced, as in nephrosis, this fi ac- 
tion of the osmotic pressure will also be lowered 

The expel imental edema which we pioduced in dogs is the purest 
form and the most easily coiiti oiled type of edema available foi study 
Theie is no evidence of the changes in the peimeabihty of the capillaiies 
or in lenal function that one might encountei in a patient with the edema 
of nephritis, nephiosis or cardiac disease, which could altei the result 
Therefore, we beheied that it would be of value to study the effects of 
some of the electiol}tes on the edema of our animals 

PROCEDURE 

Two healthy female clogs, weighing approximateK 17 Kg, were selected 
Since all the operations were done on unanestheti/ed dogs, we selected the animals 
that were least excitable We avoided the use of depressing drugs as much as 
possible, as they often cause vomiting and loss of appetite The dogs were placed 
on diet A for a control period of one w'eek Control studies w^ere carried out 
as described m the protocol of dog 1 

The apparatus for carrying out plasmapheresis (fig 1) consisted of a Luer- 
Kaufmann syringe wutli a no 18 needle, a 250 cc pjrex centrifuge bottle and a 
suction flask wuth a release pinch cock The entire apparatus was stenlired for 
thirty minutes in an \rnold stenlizei Twenty cubic centimeters of sterile 10 
per cent solution of sodium citrate was used for each 250 cc of blood The blood 
was drawn from the femoral arter}', as recommended bv Barker and Kirk,° 
directly into the centrifuge bottles These were centrifugated at 1,800 revolutions 
a minute foi from fifteen to tw'enty-five minutes , the plasma w'as removed bi 
suction and was replaced by an equal amount of sterile Ringer’s solution, and the 
suspension was filtered through sterile gauze This solution w’as reinjected into 
a vein under pressure The procedure ivas carried out twice a day, 500 cc of 
blood being withdrawal each time until the plasma proteins fell to about 3 Gm 
per hundred cubic centimeters , daily operations thereafter w’cre sufficient to main- 
tain this low level We constantly observed a slowly increasing anemia, until the 
hematocrit reading fell to about 30 It usually lemained at about this level If 
this procedure was repeated over long periods, the dogs became verj weak and 
refused food It was then necessary to feed protein to them in the form of milk 
and meat until they regained strength This alwajs resulted m a rise m plasma 
protein, with diuresis and loss of edema The level of the plasma protein was 
again lowered by the diet low in protein and plasmapheresis, and the studies were 
continued With the plasma proteins at a constant low level, the salts, sodium 
chloride, sodium bicarbonate and potassium chloride were fed during separate 
periods 

Dog 2 — The dog used m this experiment was a healthy, well nourished, female 
German shepherd, weighing 16 8 Kg She was given diet A, which She ate 
readily The control studies gave normal results After a short control period, 
plasmapheresis was commenced and continued daily for a period of thirty-seven 
days, with the removal of a minimum of 220 cc and a maximum of 555 cc of 
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plasma daily, making a total of 13,655 cc during this period Definite pitting 
edema of the subcutaneous tissue appeared on the eighteenth day This was not 
appreciably increased during a two day period when the intake of water was 
increased to 1,600 cc daily No sodium chloride had been added at the time the 
edema appeared On the twenty-first daj% the dog was placed on a three day 
metabolism experiment, recen mg 13 9 Gm of sodium chloride in 1,600 cc of water 
bj" stomach tube daily The subcutaneous edema increased markedly, ascites 
appeared, and the dog gained 3 Kg in weight (table 2) This regimen was 
repeated for two more days, and the weight increased 24 Kg During the next 
three days, she was given 1,600 cc of water alone daily, there was little change 
m the w'eight during this period On the tw'entj -ninth day, she was started on 



a four da} metabolism expeiiment during which she received 19 Gm of sodium 
bicarbonate m 1,600 cc of w'ater daily She gamed 0 3 Kg during the first day, 
but from that time on she lost weight Diuresis set m, and the edema decreased 
mark-edly, this continued through the next two days w^hen no bicarbonate was 
given, and e^en persisted through a period of three days when 13 Gm of sodium 
chloride m 1,600 cc of w'ater was administered daily At this time, because of 
the low hematocrit reading, it was necessaiy to give the dog a transfusion with 
500 cc of blood from a normal dog She had become w^eak and refused diet A, 
so she was allowed to convalesce for ten days on a diet high m protein 

The second period of plasmapheresis was then commenced and was continued 
during sixteen days, and a total of 5,810 cc of plasma was removed Edema was 
noticed this time on the seventh day The amount of edema or the w^eight failed 
to increase with the administration of large amounts of water alone How^ever, 
when sodium chloride was added, the usual increase in edema and w'eight was 




Tabic 2— Result'; of Studies on Dog 2 
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The sudden rise in the hematocrit uns due to the addition of blood cells from "iOO cc of normal dog blood on the fourth 
The intake of ciiloridc varied from 0 2 to 0 9 Gm daily e\ccpt ns indicated in this column , , , , 

A diet high in protein (consisting of diet A plus COO Gm of meat and 500 cc of milk) was gi\cn from the sixth to the sixteenth, inclusively 
Diet A, sec protocol of dog 1 , , . , 

A diet of protein (consisting of diet A plus 200 cc of milk) was given from the third to the seventh, inclusivclj 
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observed (fig 2) After this period she was given 19 Gm of sodium bicarbonate 
in 1,600 cc of water daily for three days At this time there was a definite 
increase in edema and a gam in weight of 1 1 Kg (fig 2 and table 2) A further 
increase of 0 5 Kg in weight occurred with the administration of 13 5 Gm of 
sodium chloride in 1,600 cc of water She was then allowed another short period 
of convalescence on a diet moderate^' high in protein (table 2) 

The third period of plasmapheresis was then started and continued for eighteen 
days, and a total of 5,790 cc of plasma was removed Edema was noticed on the 
sixth day The dog was then given 13 5 Gm of potassium chloride in 2,200 cc 
of water dailj-^ for two days There was no gam in weight and no increase m 
edema, however, after the administration of 10 Gm of sodium chloride m 1,200 
cc of water daily for the next two daj^s there was a prompt rise m weight, and 



Fig 2 — Graphic representation of experiments on dog 2 Determinations on 
the intake and output of fluid are blocked in at the base and those on the salt added 
to the diet at the top of the chart 


the edema was considerably increased (fig 2 and table 2) After two days with 
no added salt in the diet, we attempted to feed her 5 cc of concentrated hydro- 
chloric acid in 800 cc of water twice daily for two days The dog vomited an 
unknown amount of this acid solution, so quantitative observations were inaccu- 
- xate however, a sufficient amount was retained to lower the carbon dioxide- 
combming power of the plasma from 41 to 35 per cent There was a slight 
decrease in edema and she lost 04 Kg Sodium chloride administered during the 
next day brought about an increase of 0 8 Kg m weight 

The blood chloride showed little variation during the entire period The 
creatinine index remained normal There were no albumin or casts in the urine 
at any time The rectal temperature varied from 101 to 103 F The systolic 
blood pressure ranged from 95 to 110 mm of mercury 
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On the ninety-seventh day, while the dog had edema, it was killed by the 
intravenous injection of 10 cc of ether, and autopsy was performed There was 
marked edema of the subcutaneous tissue, and 1,500 cc of fluid was removed 
from the peritoneal cavity The specific gravity of this fluid was 1 006 The 
muscles were normal in color and consistency, but were greatly wasted The left 
kidney weighed 39 Gm , the right, 41 Gm The capsules stripped easily, leaving 
a smooth glistening surface which contained many small white flecks but no scars 
The ratio of the width of the cortex to the medulla was normal The urine from 
the bladder showed no albumin, and the sediment showed only an occasional 
white blood cell The other organs were normal in appearance and weight 

The sections of the kidney stained with eosin-methylene blue and scarlet red 
showed a fatty degeneration of the collecting tubules, of the distal convoluted 
tubules and to a verj’' slight extent of the proximal convoluted tubules In many 
instances the fat was at the base of the cell and about the nucleus, and at times it 
filled the entire cell The nuclei were well preserved and a liyperchromatic or 
pyknotic nucleus was rarely seen The remainder of the kidney cells showed only 
edema The loops of Henle and the proximal convoluted tubules on the whole 
were well preserved The tubules contained only an occasional hyaline cast The 
glomeruli showed no lesions in the form of a fibrosis, epithelial proliferation or 
infiltration with inflammatory cells There was no increase in the interstitial 
tissue 

Dog 3 — Dog 3 was a well nourished, healthy, female shepherd dog, weighing 
17 1 Kg This dog was given diet A during the periods of plasmapheresis and 
usually consumed all of it All of the control studies were normal (table 3) The 
first period of plasmapheresis was then commenced and continued for twenty-two 
da>s, with the removal of from 195 to 515 cc of plasma daily, making a total of 
7,095 cc Edema was first noticed on the seventeenth day A three day metabolism 
experiment with the addition of 1,600 cc of water daily by stomach tube failed 
to increase the edema or the weight However, during the next two days, 13 5 
Gm of sodium chloride was added with the same amount of water each day, the 
edema increased markedly, and there was a gam m weight of 1 9 Kg An attempt 
to give the dog sodium bicarbonate failed because of increasing weakness and loss 
of appetite At this time plasmapheresis was discontinued and she was placed on 
a diet high in protein for three days , she regained her usual good health 

The second period of plasmapheresis was started and continued for twelve 
days, with a total remo^al of 5,200 cc of plasma Edema w'as first noticed on the 
seventh daj The dog again gained in weight and edema on sodium chloride given 
as before, and she maintained the same condition when given water alone for 
one day 

The dog was then placed on a three day experiment, receiving 19 Gm of sodium 
bicarbonate in 1,600 cc of water daily This time she did not become ill, and the-e 
was a gain in weight of 0 9 Kg, with a definite increase in edema During the 
experiment wnth sodium bicarbonate the dog was given a transfusion of blood 
because of the accidental clotting of her owm blood during the centrifugation 
This transfusion was performed with the blood cells from 500 cc of normal dog’s 
blood suspended in saline The experiment was followed wuth 1,600 cc of water, 
and this resulted in a further increase in edema and a gam of 02 Kg This con- 
cluded the second period of plasmapheresis Because of the dog’s increasing 
weakness, 200 cc of milk was added to diet A for six days 

The third period w^as then commenced and continued for fourteen days with a 
total removal of 4,605 cc of plasma Edema appeared on the seventh day Again 
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the dog failed to gam weight or the edema to increase during a one day experiment 
with 2,200 cc of water This was followed by a two day experiment, during 
which we administered 13 5 Gm of potassium chloride in 2,200 cc of water daily 
There was no increase in edema or in weight, in fact, there was a loss of 0 6 Kg 
The next day 1,600 cc of water alone was given, and there was no change in 
weight, but an experiment on the following two days, consisting of a daily intake 
of 10 3 Gm of sodium chloride in 1,300 cc of -water, caused a marked increase in 
edema and a gam of 1 5 Kg We attempted to administer dilute hydrochloric acid, 
but this dog vomited all of the solution We felt that it might be interesting to 
kill one dog while she had massive edema and the other when there rvas no edema, 
m order to see if there was any detectable change m the fixed tissue There- 
fore, dog 3 was given a diet high in protein , the edema disappeared, and she was 
killed on the ninetieth day of the experiment by the intravenous injection of 10 cc 
of ether Frequent urinalyses during the experimental period and urinalysis at 
autopsy revealed no albumin or casts These results were substantiated by the 
failure to find casts m the renal tubules (see autopsy) The creatinine index 
remained normal throughout The rectal temperatures showed no variation from 
the normal 

No subcutaneous edema or excess of fluid in the cavities of the body were 
found at autopsy The left kidney weighed 62 5 Gm , and the right, 62 Gm The 
capsules stripped readily, leaving a smooth, glistening surface with no gross 
abnormality The urine of the bladder showed no albumin, and the sediment 
contained only an occasional white blood cell All of the other organs were normal 
m appearance and weight 

The sections of the kidney stained with eosin-methylene blue and scarlet red 
revealed a rather marked fatty degeneration of the collecting and distal con- 
voluted tubules, characterized by vacuoles of fat of \arymg sizes, which at times 
completely filled the cells and caused some enlargement of the cell, so that the 
lumen of the tubule was narrow'ed The degree of involvement m this kidney 
rvas greater than that m dog 2 and more nearly approached the degree m involve- 
ment found m dog 1 It differed from the latter, however, in that the fat w'as 
limited to the distal and convoluted tubules with almost no fat m the proximal 
convoluted tubules or m the loops of Henle The glomeruli w'ere normal in 
appearance , there was no proliferation of the capsule or tuft epithelium, fibrosis 
or infiltration with inflammatory cells There was no hyaline membrane with 
fat contained around the glomeruli There was no increase in the interstitial tissue, 
and the occasional area of lymphocytic infiltration w^as so small that it w^as hardly 
w’orth consideration 

RESULTS AND COMMENT 

The Influence of Sodium Chloude on Expeumental Edema — In 
the dogs edema did not develop until the plasma proteins fell to about 
3 Gm and the albumin to about 1 Gm per hundred cubic centimeters 
At this level, -without the use of excessive amounts of water or sodium 
chloride, dogs 2 and 3 showed definite pitting edema The use of large 
amounts of distilled water (1,600 cc ) by stomach tube did not increase 
the edema oi the weight appreciably, but when 13 Gm of sodium 
chloride per day Avas added to the water massive edema appeared, 
accompanied by a rapid increase in weight Theie weie ascites and 
marked pitting edema of the skin, especially where theie weie loose 
folds of flesh and particularly m the hind legs It seems that, given 
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a low plasma protein, the amount of edema is determined by the amount 
of sodium chloride administered This is demonstrated m figure 2 
We wish to make clear that a constant low level of plasma proteins was 
maintained while the influence of the vaiious salts was studied 

The Influence of Sodium Bicai bonate on Expeumental Edema — 
We have not included in the following discussion the results of the fiist 
experiment with sodium bicarbonate, which is described in the protocol 
of dog 2, for reasons given in section 2 of the next division of the 
paper 

The administration of sodium bicarbonate gave the same sort of 
response as did sodium chloride but to a lesser degree, in spite of the 
use of larger amounts of the bicarbonate, i e , 19 Gm per day The 
amount used was sufficient to change the plasma carbon dioxide- 
combining power fiom 44 to 70 per cent in dog 2, and from 49 to 
69 per cent in dog 3, during the first twenty-four hours During the 
three days that this salt was given, the weight of dog 2 increased 1 1 Kg , 
and the weight of dog 3 inci eased 1 Kg (fig 2 and tables 2 and 3) 
We were unable to continue giving sodium bicarbonate to these dogs, 
as they were very weak and refused food This result is interesting 
in view of the enthusiasm for the use of alkali as a diuretic which has 
been renewed recently by Osman and also by Bennett However, 
it IS worthy of note that half of the alkaline salts given by these 
authors weie potassium salts After our experiment was concluded the 
dogs were given meat and milk, the edema promptly disappeared, and 
they regained their stiength 

The Influence of Potassium Chloude on Expeumental Edema — 
After the level of the plasma protein was lowered by plasmapheresis and 
slight edema was established in both dogs, 13 5 Gm of potassium 
chloride was administered daily for two days This was given m watei 
sufficient to make a nearly isotonic solution (1,600 cc ) During this 
two day peiiod dog 2, instead of gaming weight, lost 0 2 Kg , and dog 3 
lost 0 6 Kg (fig 2 and tables 2 and 3) In order to ascertain whether 
or not this loss of weight was due to the onset of a spontaneous 
diuresis, we administered sodium chloride, and both dogs showed a 
typical rise in weight, and the edema was increased This failure to 
increase edema with the administration of potassium chloride was also 
observed with dog 1 

The Influence of Hydrochlouc Acid on Experimental Edema — 
The administration of a dilute solution of hydrochlouc acid to these 
dogs induced vomiting, so we were unable to make quantitative obser- 

32 Osman, A A Studies in Bright’s Disease, Guy’s Hosp Rep 77 386, 1927 

33 Bennett, T I Nephritis Its Problems and Treatment, London, Oxford 
University Press, 1929 
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vations However, a sufficient amount was retained by dog 2 to lower 
the carbon dioxide-combining power of the plasma from 41 to 35 per 
cent, and this was accompanied by a loss of 0 2 Kg 

The output of creatinine was studied as a check on the collection of 
urine and as an index of renal function Theie was a gradual fall in 
both the creatinine of the blood and that of the uiine, so that the 
index creat_inine showcd iio fall The chloride metabolism was 

blood creatinine 

Studied We believe that a study of the total base or the sodium 
metabolism would be of more value than one of the chloride, but we 
felt that in these preliminaiy expeiiments it would be better to over- 
come some of the technical difficulties accompanying the production of 
edema before attacking the problem of total base deteiminations in the 
serum, urine and feces of dogs We regiet that the number of experi- 
ments repoited heie is necessaiily small, but we have tried to avoid 
drawing conclusions that are too bioad, except when oui conclusions 
weie strengthened by previous good experimentation of others 

OTHER INTERESTING PHASES OF EDEMA 

1 Relation of Edema to the Chloude E'lactmg Pozuei of the 
Kidney — In the past many woikers expressed the belief that the role 
of sodium chloiide in the production of edema is due to the failuie 
of the kidney to excrete either the sodium or the chloiide ion The 
result of this is a letention of salt in the tissues of the bod}^, this salt 
holds water with it, hence there is edema However, at present most 
of the investigators who aie mteiested in the pioblems of edema believe 
that the kidney has little to do with the retention of salt, paiticularly in 
the edemas originating in low plasma protein It is moie likely that 
the lowered osmotic piessure of the plasma pioteins allo^^s fluid to 
escape into the tissues, and this fluid carries salt with it which is letained 
there, so that the kidney is nevei ofteied the majoi portion of the 
salt for excretion We have e-vidence that during the edematous periods, 
the kidne3fs of our dogs were capable of excreting chloiide normally 
Unfortunately we are unable to offer the same evidence for the sodium 
ion as the excretion of sodium was not studied 

The function of the kidneys of oui dogs was nonnal by the usual 
methods of study The intake of chloride, except during the periods 
when measured amounts were added, ranged from 02 to 0 8 Gm per 
day The output of chloride was loughly equal to the intake even during 
the peiiods of massive edema unless the weight was inci easing If the 
dogs were gaming weight, the output of chloride would obviously be 
less than the intake, because the chloiide would be retained in the tissues 
along with the base Even while the dogs were rapidly gaming weight 
and edema was increasing as a result of feeding large amounts of sodium 
chloride, the kidneys were excreting much more chloride than the> 
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nonnall}'- excieted For example, dog 2 ^^as given a total of 19 6 Gm 
of chloride (36 Gm of sodium chloride) during three days while the 
plasma proteins were low, and she excreted 4 7 Gm of chloiide During 
this peiiod she gamed 3 Kg When the plasma proteins were higher, 
she was given the same amount of chloride and excreted all of it m 
the three days (table 1) The same result was observed m dog 3 All 
of the chloride was also excreted when potassium chloiide was given 
This ability to excrete large amounts of chloride during the edematous 
period IS certainly evidence against aii}^ defect m the chloride excreting 
power of the kidney 

2 Spontaneous Dmiesis in the Edema of Low Plasma Pioteins — 
There has been a hesitanc}^ to accept low plasma proteins as the mam 
factor m the causation of this type of edema, because certain patients 
who have low plasma proteins have no edema, also during the course 
of observation of patients with nephrosis who show edema, one will 
at times observe a spontaneous diuiesis with the loss of edema in spite 
of persistence of low plasma proteins and no change m the albumin- 
globulin ratio Moore and Van Slyke ® reported such a case and called 
attention to some “unknown factor” which may cause this Leiter,^ as 
well as Baiker and Kirk,° observed a tendency for the edema in their 
dogs to disappear as the expeiiments were prolonged, m spite of the 
maintenance of low levels of plasma protein 

This type of spontaneous diuresis piobably occurred in one of our 
dogs (dog 2) while we were administering sodium bicarbonate, and 
was the cause of some confusion This dog had had extensive edema 
for fifteen days when we gave her 19 Gm of sodium bicarbonate daily 
during four days She gamed 0 3 Kg the first day and then began to 
lose weight rapidl}'’, the edema decreased, and there was a marked 
diuresis We then gave her 13 5 Gm of sodium chloride dail}^ for 
three days, which m every other experiment resulted m a rapid rise 
in weight, but at this time the diuiesis persisted and the edema prac- 
tically disappeared A chemical analysis of the blood revealed no cause 
for this , the total plasma proteins were 2 8 Gm and the albumin 
0 9 Gm per bundled cubic centimeters The carbon dioxide had fallen 
to the original level of 39 per cent, and the results of other studies 
were normal When the same amount of sodium bicaibonate was given 
to this dog after it had been edematous for only a shoit peiiod, she 
gained weight in the same way in which dog 3 did Jansen,^^ Magnus- 
Le\^ and others always observed an increase m the edema of their 
patients after the administration of sodium bicarbonate For these 
reasons we believe that a spontaneous diuresis occurred during this 
period of stud}^ and that probabty the sodium bicarbonate had little 

34 Jansen, W H Der Oedemkrankheit, Deutsches Arch f klin Med 131 
144, 1919 
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or nothing to do with it The onset of such a spontaneous diuiesis 
during the study of diuretic drugs may be the cause of considerable 
confusion and may be a reason for false ideas concerning their efficacy 

3 Relation of Expenmental Edema Pioduced by Lowe) mg the 
Plasma Piotems to Nephiosis — ^Barker and Kiik diew attention to the 
similarity between the edema of dogs pioduced through plasmapheresis 
and the clinical syndrome of nephrosis We have been able to confirm 
their observations However, we were not able to find glomerular 
lesions 01 albumin or casts in the urine, but we invariably found an 
excessive amount of hpoid deposit in the renal tubules In order to 
control this side of our problem, we made fat stains from the fresh 
kidney tissue of two dogs, one young and the other full grown Both 
showed a few fat droplets m the renal tubules, but the amount present 
was not comparable to that found in our experimental animals Glomeru- 
lar lesions of various sorts were not uncommon in these so-called normal 
dogs 

The picture in the dog with edema produced through deprivation of 
protein was identical with that in the dogs in which edema had been 
produced by plasmapheresis We feel that this condition is not 
nephrosis in the dog, but we regard the syndrome observed in all of 
these dogs as a specific lesult of the deprivation of protein We may 
go even further and state that perhaps certain changes in patients with 
nephrosis, namely, edema, low plasma protein with reversed albumin- 
globulin ratio, fatty degeneration of the renal tubules, low basal 
metabolic rate and possibly cholesteiolemia, is the result of deprivation 
of protein, which m this instance is the result of loss of protein 
through the kidney, often augmented by a diet low in protein 

4 The Reasons foi the Revo sal of the Alhnmui-Glohuhn Ratio — 
It has been suggested that the reversal in the albumin-globulin ratio 
in nephrosis in human beings is due to the selective loss of the smaller 
albumin molecule through the kidney As early as 1916, Kerr, Hurwitz 
and Whipple observed a reversal in the albumin-globulin latio m their 
excellent studies on plasmapheresis, in such experiments, there is no 
selective loss of albumin They gave three possible leasons for this 
phenomenon, namely, the fact that shock or infection occuried, that 
globulin is regenerated faster than albumin in seium, or that during the 
forced regeneration the precipitation values of the proteins may vary 
from normal We can eliminate the first possibility, for there was 
neither shock nor infection m any of our animals We were unable to 
find any work which showed that the precipitation factois of the piotein 

35 Cowie, D M , Jarvis, K M , and Cooperstock, M Metabolism Studies in 
Nephrosis, Am J Dis Child 40 465 (Sept) 1930 

36 Kerr, W J , Hurwitz, S H , and Whipple, G H Regeneration of Blood 
Serum Proteins, Am J Physiol 47 356, 1918 
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were changed Probably the simplest explanation is that the body is able 
to regenerate globulin from the tissues more readily under these condi- 
tions than It does albumin 

5 The Edema Fluid in E.vpei imenfal Edema — The edema fluid was 
studied 111 dog 1, in which edema was produced by a diet, and m dog 2, 
111 which edema was produced by diet and plasmapheresis (table 4) 
The figures for protein and chloride are essentially the same for the 
two dogs The protein is a little higher than is usual in this type of 
edema fluid, possibly because of contamination with small traces of 
blood during collection The figure for chloride agrees with that found 
in the edema fluid from patients with nephrosis and in normal spinal 
fluid It IS interesting to note that during the period of administration 
of sodium bicarbonate, the level of chloride of the edema fluid fell 
from 450 to 375 mg per hundred cubic centimeters 


Table 4 — Snmmaiy of Detcimmations Made on Edema Fluid 


Dog 

Date 

TP of 
Edema Fluid 
per Cent 

Cl of 

, Edema Fluid, 
Mg per 100 Cc 

1 

6/ e/TO 

0 21 

m 

2 

3/22/30 

019 

420 


3/25/30 

3/29/30* 

0 19 

450 


0 13 

375 


* Determinations on this date were made after the administration of sodium bicarbonate 


CONCLUSION 

1 Edema was produced m a dog by a diet low m protein but ade- 
quate in carbohydrate and fat The chemical, pathologic and chmcal 
observations made on this animal were essentially the same as the obser- 
vations made on those in which edema had been produced by selective 
removal of plasma proteins (plasmapheresis) 

2 The chemical, pathologic and clinical determination made on all 
of the dogs were similar to those found for dogs in which edema was 
produced through an inadequacy of protein in the diet 

3 Sodium chloride and sodium bicarbonate increased the edema 
of dogs with a constant low level of plasma protein, while potassium 
chloride did not This is further evidence that the sodium ion has 
a greater influence on edema than the chloride ion It seems probable 
that given a low plasma protein, the amount of edema is detei mined 
by the quantit}'- of the intake of the sodium ion 

4 Evidence is presented to show that the power of the kidney for 
excreting chloride is noimal in edema pioduced experimentally with 
a low plasma piotein 

Dr J P O’Hare supervised us m this work and j\tiss Margaret Driscoll gave 
technical aid 
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SOME EFFECTS ON NORMAL RABBITS PROTECTED FROM 
HYPOGLYCEMIA BY INGESTION OF DEXTROSE "" 
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In many clinics, the technic of insulin theiapy as applied to the treat- 
ment for diabetic acidosis has undeigone a senes of changes since the 
introduction of insulin in 1922 At the Presb}leiian Hospital, as else- 
wheie, biilliant theiapeutic lesults were obtained in the early days of 
the use of insulin by the administiation of relatively small doses of the 
hormone in conjunction with the suppoitive measures employed in the 
pre-insuhn era When large quantities of insulin became available for 
clinical use, massive doses weie employed on the assumption that they 
would bring about moie rapid alleviation of the ketosis by augmenting 
the oxiaation of dextrose The lesults of this type of theiapy weie, 
howevei, frankly disappointing, m pait at least, because too much 
emphasis was placed on disturbances of caibohydiate oxidation and not 
enough on the significant consequences of severe ketosis, namely, loss 
of fixed base, dehydration and collapse In recent yeais, patients in this 
clinic have again been treated with small doses of insulin, more attention 
has been paid to the dangers of dehydiation, and the results have again 
been most giatifying 

In spite of this impiovement in the methods of tieatment for diabetic 
acidosis, a number of patients die, and death not infiequently occurs 
some hours after the diabetes and ketosis have been controlled The 
cause of the fatal outcome in these cases has frequently been ascribed 
to a deleterious effect of insulin This idea has led to numerous clinical 
and laboratory studies to determine possible toxic effects of insulin on 

Submitted for publication. Sept 23, 1930 
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the heart, ciiculation, nervous system, muscles and supiaienal glands^ 
Most of these investigations have been concerned with effects of the 
hormone in the presence of seveie h^pogtycemia In view of the fact that 
this state is rarely encounteied m the tieatment for diabetic acidosis, 
it seemed desiiable to study the compaiative effects of small and massive 
doses of commercial and of ciystalline insulin m the noimal animal, 
protected against h 3 ’-poglycemic shock by means of adequate amounts of 
dextrose 

In this woik an attempt has been made (1) to deteimine the 
possible geneial toxic effects of large doses of insulin in contrast to 
small ones, (2) to compare the actual, as well as the lelative, effects 
of small and laige doses of the hoimone on the hyperglycemia lesulting 
from continuous absoiption of dextrose, (3) to observe the effects on 
the glycogen stoiage m the liver, and (4) to note any possible histologic 
changes produced m the adienal glands and livei It was hoped that 
such a study might furnish evidence that might be of value in determin- 
ing the relative merits of small and of massive doses of insulin 

EXPERIMENTAL WORK 

Two mam groups of studies were made on healthy adult labbits One group 
of animals was fed on a diet of oats and cabbage up to the time of the experiment, 
to insure the presence of large stores of glycogen A second group was deprived 
of food for forty-eight hours, so that the content of glycogen at the beginning of 
the experiment might be at a minimum 

After imtial determinations of blood sugar, the animals were given 12 Gm oi 
dextrose (in 50 per cent solution) per kilogram of body weight by means of a 
stomach tube The feedings of dextrose were immediately followed by intravenous 
injections of insulin, and samples of blood for sugar determinations were taken 
at hourlv intervals for a period of four hours At the end of this time a second 
and equal dose of dextrose was given, again followed by insulin, and the blood 
sugar was determined for the next three hours at hourly intervals Seven and 
one-half hours after the initial dextrose feeding, the animals were killed by a 
sudden blow, and parts of the liver were immediately removed for determinations 
of glycogen 

In each group of animals, one series received no insulin, another received 7 
clinical units of insulin per kilogram (i e , “small” doses) and a third series 
received 75 units of insulin per kilogram (i e , “massive” doses) Crystalline 
insulin was prepared from commercial insulin furnished us by the E R Squibb 
Company The preparation of the crystals was carried on according to the method 

1 Edwards, D J , and Page, I H Am J Physiol 69 177, 1924 Hornung, 
S Compt rend Soc de biol 97 1500, 1927 Labbe, M , and Boulin, R Medi- 
cine 9 746, 1928 Sundberg, C G Compt rend Soc de biol 89 807, 1923 
Jung, L, and Auger, L Compt rend Soc de biol 101 821, 1929 Raiha, C E 
Skandmav Arch f Physiol 56 243, 1929 Baur, H Beitr z path Anat u z 
allg Path 83 1, 1929 Hetenyi, G Wien Arch f inn Med 13 95, 1926 Rein- 
wein, H Deutsche med Wchnschr 55 951, 1929 Doisy, E A , and Weber, 
C J J Biol Chew 58 721, 1924 
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of Prof John Abel, who furnished us with sample crystals The crystals obtained 
by us were identical with those described by Abel, and they assayed about 25 
units per milligram 

Blood sugar was determined by the method of Hagedorn and Jensen ^ on 
samples obtained from the central artery of the ear Determinations of glycogen 
were made according to a modification of the Pfluger method, and no estimation 
was made of reducing substances other than dextrose as the quantities of glycogen 
were, in most cases, large enough to eliminate great errors from this source 
Only the comparative values for glycogen in various groups of animals seemed 
of interest All analytic procedures were earned out in duplicate 

Animals m which any appreciable diarrhea occurred during the experiment 
were discarded Loss of insulin through renal excretion was slight, as most of 
the animals voided but little Furthermore, in one instance, 20 per cent of the 
urine excreted by a rabbit m seven hours after receiving 444 units of insulin 
intravenously was injected subcutaneously into a second rabbit and failed to cause 
convulsions in nine hours 

For the histologic studies, both adrenal glands and the liver were removed as 
soon as possible after death The organs were weighed, as were the animals after 
the removal of the stomach and intestinal tract Comparisons of the weights of 
the adrenals and liver m relation to body weight were noted in the various groups 
of experiments performed The adrenal glands were sectioned, part being placed 
in “Muller-formol” and the remainder m a formaldeh^de solution (solution of 
formaldehyde, U S P 1, water to make 10) Blocks of tissue fixed in “Muller- 
formol” were transferred to Muller’s solution, washed in running water, dehy- 
drated in alcohol and embedded m paraffin, and several sets of serial sections were 
stained with hematoxylin and eosin Frozen sections from the tissue fixed m 
formaldehyde were stained with scharlach R Since a comparison of the sections 
of the adrenal glands of well-fed and of starved control animals to which no 
insulin was administered showed great variation in the widths of the cortex and 
of the medulla m individual animals, no accurate measurements were made, the 
widths of layers as seen in the hematoxylin-eosm preparation being merely com- 
pared and recorded as “wide,” “average” and “narrow ” From the hematoxylin- 
eosm sections the intensity of the chromaffin staining was also determined, and a 
search was made for any structural changes that might be present From the 
frozen section stained with scharlach R the relative amounts of hpoid in the 
different glands were determined 

Blocks of liver tissue were fixed in Zenker’s solution, 10 per cent formal- 
dehyde and 95 per cent alcohol From the blocks fixed in Zenker’s solution 
paraffin sections were obtained and stained with hematoxylin and eosin Tissue 
fixed in formaldehyde was used for frozen sections which were stained with 
scharlach R From the blocks fixed in alcohol, celloidm sections were stained 
with Best’s carmine to demonstrate glycogen 


RESULTS 

Blood Sugm Cw ves — The marked fluctuations m blood sugar curves 
in the animals receiving identical tieatment may be observed in any one 
or in all of the tables The variations are so great that mathematical 
handling of the data is impossible, and consequently the evaluation of 
results IS difficult 

2 Hagedorn, H C , and Jensen, B N Biochem Ztschr 128 185 and 207, 

1922 
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It was found m a series of fourteen well-fed rabbits receumg “small'’ 
doses of insulin after the ingestion of dextrose that there resulted a 
greater depression of the average blood sugar curve than in a group of 
eighteen animals receiving “massive” doses of the hormone (tables 1, 2 
and 3 and chait 1) In view of the enormous diffeiences in the individual 
reaction of the animals, it does not seem justifiable to draw conclusions 
beyond stating that there was a “tendency” for the blood sugar levels 
of well-fed rabbits to be depressed more by “small” doses of insulin 
than by “massive” ones after the ingestion of dextrose 

BloodSugar 

Mgm 


per 100 CC 



Hours 1 a 3 4 1 2. 3 


Chart 1 — Average blood sugar curves of well-fed rabbits that received (1) 
dextrose without insulin, (2) dextrose with “small” doses of insulin and (3) 
dextrose with “massive” doses of insulin A number of results which were similar 
to those presented have been omitted from chart 1 because a less reliable method 
was used for the determination of the blood sugar in the first experiments 

In the group of animals starved for forty-eight hours before the 
administration of dextrose and insulin, no constant or consistent dif- 
ference was noted m the response to “small” doses of insulin m contrast 
to “massive” ones (tables 4, 5 and 6) 

Experiments carried on with crystalline insulin (tables 7 and 8) 
showed no definite differences m the behavior of the blood sugar curves 
after “small” as compared with “massive” doses of insulin, but the 
number of animals used was too small to be of significance 



Table Well-Fed Rabbits That Reccived^No Insulin Ajtei Feeding 

of Dcvtiose ' 


Blood Sugar After Blood Sugar After 

First Dextrose Second Dextrose Bn cr 



Rab 

0 Hr , 

iHr, 

2 Hr, 

3 Hr, 

4Hr 

IHr, 

2 Hr, 

3Hr 

Mg 

7 5 Hours 



bit 

Mg 

Mg 

Mg 

Mg 

Mg 

Mg 

Mg 

After rjrst 


Num 

per 

per 

per 

per 

per 

per 

per 

per 

Dextrose, 

Comment 

Date 

her 

Cent 

Cent 

Cent 

Cent 

Cent 

Cent 

Cent 

Cent 

per Cent 

12/2G/28 

14 

131 

313 

342 

332 

31 1 

342 

420 

400 

12 4 

Rabbit iveaB, con 

12/29/2S 

17 

125 

200 

206 

230 

266 














vulscd and died 
Ihour after second 
administration of 
dextrose 





1/ 2/29 

IS 

125 

247 

284 

300 

241 

304 

278 

282 

131 


1/ 3/29 

19 

13S 

245 

238 

23S 

253 

300 

350 

422 

14 9 


1/ 4/29 

20 

98 

417t 

428 

428 

453 

508 , 

4S3 

483 

131 

Slight diarrhea 

1/ 9/29 

21 

122 

260 

282 

282 

290 

249 

313 

345 

14 3 


1/11/29 

22 

130 

312 

307 

295 

215 

570 

709 

740 


Babbit died before 
liver -ivas removed 
nas ivcaB and 
dro-wsj 



S/lG/29 

72 

127 

203 

237 

230 

232 

024 




Grew progressiieli 
weaBcr and died 

8/17/29 

73 

129 

243 

249 

221 

238 





RccB broBcn and 


animal Billed at 
time of second 
feeding of dex 
trose 


8/17/29 

8/19/29 

74 127 

75 13G 

193 

232 

20S 

199 

230 

ISS 

2CS 

ISS 

50G 

SOf* 

208 

191 

11 5 

Rabbit grew w ciiB 
and died 

As erage 

120 

271t 

271 

271 

209 

402 

305 

410 

13 2 



* A number of results -which -were similar to those presented have been omitted from tables 
1, 2 and 3 because a less reliable method nas used for the determination of the blood sugar in 
the first experiments 

+ Approximate value 


Table 2 — IVell-Fcd Rabbits Receiving Small Doses of Insulin (Seven Units Pei 
Kilogiam) Aftci Each Deitiose Feeding 


Date 


Blood Sugar After 
First Dextrose 
and Insulin 


Rab 

0 Hr , 1 Hr , 

2 Hr, 

3 Hr , 

bit 

Mg 

Mg 

Mg 

Mg 

Aum 

per 

per 

per 

per 

ber 

Cent 

Cent 

Cent 

Cent 


Blood Sugar After Liver 
Second Dextrose Gljcogen 
ind Insulin 7 S Ilours 

\ < * ^ After First 

4 Hr , 1 Hr , 2 Hr , 3 Hr , Dc' tro^o 

Mg Mg Mg Mg and 

per per per per Insulin, 

Cent Cent Cent Cent per Cent 


Comment 


11/27/28 

2 

117 

160 

157 

12/ 3/2S 

4 

138 

lOS 

129 

12/ 5/2S 

0 

121 

122 

in 

12/11/28 

8 

123 

153 

910 

12/14/28 

10 

131 

219 

228 


12/18/28 

12 

121 

103 

181 

8/ 2/29 

58 

124 

207 

244 

8/ 3/29 

00 

129 

103 

131 


8/ 

5/29 

Cl 

131 253 

294 

8/ 

0/29 

Go 

119 195 

198 


8/ 7/29 

G5 

138 

220 

236 

8/ 9/29 

rs 

150 

243 

208 

A\ erage 


129 

185 

180 


149 

147 

235 

204 

204 

133 

135 

151 

107 

195 

111 

120 

184 

212 

20S 

240 

210 

207 

271 

2S5 

2o2 

213 

280 

280 

284 


174 

202 

221 

21". 

283 

201 

24S 

447 

485 

728 

145 

141 

287 



302 

278 

575 

500 

510 

195 

157 

3S0 

452 


24! 

22S 

358 

4".0 

480 

228 

219 

318 

372 

o9S 

198 

193 

305 

329 

364 


10 1 

Slight dnrrhca at 
end of experiment 

97 

Slight diarrhea at 
end of experiment 

8 7 


12 8 


7 0 

Some diarrhea, 

In or flbrotic, 

someahat 

dvspnelc 

5 8 

A little dj spneic 

100 

Babbit greis rest 
less and neaB and 
then died, slight 
diarrhea, autopsj 
negatii e 

13 8 

Babbit became 
weaB and died, 
slight diarrhea 
toward end 

12 7 


11 2 


10 3 



Table 3 — Well-Fed Rabbits 7 hat Received Massive Doses of Insulin (Seventy- 
Five Units Per Kilogiain) Ajtci Each Feeding of Dextiose 


Blood Sugar After Blood Sugar After Liver 

First Dextrose Second Dextrose Glycogen 

and Insulin and Insulin 7 5 Hours 

A ^ — - A __ ~ First 

Rab 0 Hr , 1 Hr , 2 Hr , 3 Hr , 4 Hr , 1 Hr , 2 Hr , 3 Hr , Dextrose 

bit Mg Mg Mg Mg Mg Mg Mg Mg and 

Kum per per per per per per per per Insulin, 


Date 

ber 

Cent 

Cent 

Cent 

Cent 

Cent 

Cent 

Cent 

Cent 

per Cent 

Comment 

11/2G/2S 

1 

124 

202 

175 

133 

118 

288 


221 

89 


12/ 1/2S 

3 

131 

152 

143 

151 

147 

300 

272 

311 

84 

Rabbit weak and 











djspneic at end 
of experiment 


12/ 4/28 

5 

128 

331 

316 

306 

304 

477 

466 

392 

13 0 

Hind legs some 
what weak 

12/10/28 

7 

122 

160 

21S 

243 

230 

354 

271 

383 

60 

Somewhat dyspneic 
toward end of 
experiment 

12/12/28 

9 

139 

342 

362 

356 

327 

431 

449 

420 

12 5 

Somewhat dyspne c 












toward end of 

12/17/28 

11 

122 

196 

143 

136 

133 

244 

222 

216 

88 

experiment 

12/19/28 

13 

132 

190 

262 

293 

328 

452 

430 

416 

72 

Rabbit somewhat 












dyspneic through 
out experiment 

8/ 2/29 

57 

110 

171 

158 

153 

137 





Weak after second 












administration of 
dextrose and 

8/ 3/29 

59 

134 

241 

220 

211 

206 

302 

296 

328 

12 0 

insulin 

8/ G/29 

62 

141 

253 

244 

211 

211 

322 

344 

364 

12 2 

Rather drowsy and 
had slight diar 
rhea at end of 
experiment 

8/ F29 

64 

132 

204 

254 

195 

172 

332 

277 

286 

12 0 


8/ 8/29 

66 

148 

304 

226 

209 

173 

276 

234 

222 

13 9 


8/ 9/29 

67 

145 

306 

300 

292 

230 

442 

612 

636 

85 


Average 


131 

235 

232 

222 

209 

352 

352 

349 

10 3 



Table 4 — Fasted Rabbits That Received No Insiilm Aftei Dextiose Feeding 


Blood Sugar After 
First Dextrose 

A 



Rab 

OHr , 

1 Hr , 

2Hr , 

3Hr , 

4 Hr, 


bit 

Mg 

Mg 

Mg 

Mg 

Mg 


Num 

per 

per 

per 

per 

per 

Date 

ber 

Cent 

Cent 

Cent 

Cent 

Cent 

3/22/29 

41 

no 

206 

202 

188 

155 

3/26/29 

42 

145 

400 

434 

472 

408 

3/29/29 

43 

124 

225 

289 

254 

244 

4/ 2/29 

44 

113 

264 

275 

239 

198 

4/ 9/29 

45 

122 

314 

372 

364 

332 


8/30/29 

82 

145 

298 

364 

346 

300 

9/ 2/29 

83 

143 

308 

386 

404 

372 

9/ 2/29 

84 

132 

300 

350 

340 

304 

A\ erage 


129 

289 

334 

327 

289 


Blood Sugar After 
Second Dextrose Liver 

, ^ Glycogen 

1 Hr , 2 Hr , 3 Hr , 7 5 Hours 
Mg Mg Mg After First 

per per per Dextrose, 

Cent Cent Cent per Cent Comment 


247 

247 

275 

7 3 

Slight diarrhea 

728 

964 

1104 

22 

A slight drowsiness 
for last 3 hours 

296 

342 

358 

7 3 


213 

292 

366 

5 5 


576 

636 

652 

26 

Weak and sleepy 
during last 3 
hours, question 
able slight 
diarrhea 

460 

576 

552 

82 



486 

390 

400 

116 

368 

412 

346 

101 

422 

482 

507 

70 
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Livei Glycogen — A compaiison of tables 1, 2 and 3 shows that less 
glycogen was stored in the livers of animals receiving insulin than in 
the control rabbits This is a confirmation of results obtained by many 
investigators Whether “massive” doses or “small” doses of insulin were 
administered was immaterial so far as the glycogen content of the liver 
was concerned, probably because tbe “small” dose of 7 units per kilo- 
gram was sufficient to produce a maximum effect In animals starved 
for fort)f-eight hours before the administration of dextrose and insulin, 
there again appeared to be some depression of the glycogen content of 

Blood Su;gar 
Mgm 

per too CC 



Hours 1 2. 3 4r 1 2. 3 


Chart 2 — Average blood sugar curves of previously fasting rabbits that received 
(1) dextrose without insulin, (2) dextrose with “small” doses of insulin and (3) 
dextrose with “massive” doses of insulin 

the liver as contrasted with the animals receiving dextiose alone, as 
may be observed in tables 4, 5 and 6 The difference in behavior of 
insuhnized and of control rabbits m this group is not as consistent or 
as staking as in the group of well-fed animals 

Pathologic Examination of Tissues — ^The variations in weight of the 
adrenal glands and livers in relation to body weight were so great in 
the control animals that received dextrose but no insulin that no definite 
change could be noted in the labbits receiving either “small” or 
“massive” doses of insulin In the histologic studies of the adrenal 



Table 5 — Fasted Rabbits That Received Small Doses of Insulin (Seven Jjnits 
Per Kilogiam) Aftei Each Feeding of Dextiose 


Blood Sugar After 
First Dextrose 
and Insulin 



Bab 

OHr , 

1 Hr , 

2Hr , 

3Hr , 

4 Hr, 


bit 

Mg 

Mg 

Big 

Big 

Mg 


Num 

per 

per 

per 

per 

per 

Date 

ber 

Cent 

Cent 

Cent 

Cent 

Cent 

1/25/29 

28 

131 

214 

\ 

172 

137 

140 

l/SO/29 

30 

126 

323 

378 

426 

400 

2/ 5/29 

32 

128 

197 

177 

168 

175 

2/ 8/29 

34 

150 

441 

274 

244 

227 

2/19/29 

36 

131 

158 

210 

276 

258 

2/20/29 

38 

134 

234 

244 

227 

185 

8/23/29 

78 

113 

177 

161 

134 

115 

8/27/29 

80 

145 

247 

243 

199 

172 

3/19/29 

40 

119 

108 

95 

89 

82 

8/30/29 

81 

141 

255 

258 

198 

182 

Average 


132 

235 

221 

210 

193 


Blood Sugar After Li\ tr 
Second Dextrose Glycogen 
and Insulin 7 5 Hours 


'(After I irst 


1 Hr , 

2 Hr, 

3 Hr, 

Dextrose 


Big 

Big 

Mg 

and 


per 

per 

per 

Insulin, 


Cent 

Cent 

Cent 

per Cent 

Comment 

174 

418 

487 

4 0 

Somewhat weak the 
last 2 hours liver 
slightly flbrotic 

728 

902 

944 

72 


307 

340 

376 

82 

Weak for last 

2 hours 

392 

353 

321 

79 


577 

667 

703 

25 

Drowsy for last 

3 hours 

295 

306 

457 

35 

Bather drowsy 

198 

205 

216 

57 

Stool rather soft, 
no diarrhea 

213 

215 

353 

55 


124 

346 

\ 

106 

98 

56 

Stool rather soft, 
no diarrhea 

Died 2 hours after 
second feeding of 
dextrose and insu 
lin, stool soft 

335 

397 

440 

5 0 



Table 6 — Fasted Rabbits That Received Massive Doses of Insulin (Seventy-Five 
Units Pei Kilogiam) Aftei Each Feeding of Devtiose 


Blood Sugar After 
First Dextrose 
and Insulin 



Bab 

OHr, 

1 Hr , 

2 Hr , 

3 Hr , 

4 Hr, 


bit 

Big 

Big 

Big 

Big 

Big 


Kum 

per 

per 

per 

per 

per 

Date 

her 

Cent 

Cent 

Cent 

Cent 

Cent 

1/23/29 

27 

126 

413* 

444 

359 

303 

1/29/29 

29 

133 

253 

184 

128 

121 

2/ 1/29 

31 

122 

309 

235 

163 

131 

2/ 6/29 

33 

121 

243 

202 

163 

114 

2/15/29 

35 

120 

166 

210 

162 

109 

2/22/29 

37 


253 

290 

202 

157 

8/22/29 

76 

134 

264 

211 

131 

106 


8/23/29 

77 

132 

272 

255 

228 

182 

8/27/29 

79 

134 

177 

134 

106 

108 

3/15/29 

39 

126 

216 

234 

174 

178 

Average 


128 

257* 

240 

182 

157 


Blood Sugar After Liver 
Second Dextrose Glycogen 
and Insulin 7 5 Hours 


IHr, 

2Hr , 

3 Hr ! 

Dextrose 


Big 

Mg 

Big 

and 


per 

per 

per 

Insulin, 


Cent 

Cent 

Cent 

per Cent 

Comment 

523 

618 

693 

6 2 


219 

189 

153 

8 5 


372 

374 

458 

57 


270 

232 

182 

6 4 


366 

394 

461 

46 

Somewhat drowsy 

372 

452 

480 

58 

for last 3 hours 
Somewhat drowsy 

181 

283 

385* 

38 

for last 3 hours 
Weak in hind legs, 

422 

502 

576 

72 ^ 

apparently in 
jured, liver 
slightU fibrotic 


238 

108 

154 

58 

281 

252 

220 

6 5 

324 

347 

377* 

6 1 


Approximate value 
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glands, no changes were noted in the structuie or in the lipoid and 
chromaffin content that could be attributed to the administration of 
insulin No changes were observed in the stiucture or in the hpoid 
content of the livers of the insuhni7ed animals 


Table 7 — Well-Fed Rabbits That Received Small Doses of Crystalline Insithn 

Aftc] Eaeh De\ttose Feeding 






LOEB ET AL— INSULIN 


79 


from 300 to 500 units within the space of four hours Among the 
series of animals receiving “massive” doses of crystalline insulin, three 
of five died shortly after the injection of the second dose Anothei 
rabbit m this senes was killed accidentally That death was not due 
to brucine poisoning, the only possible impurity that might result from 
the process of insulin crystallization, was shown by the fact that intra- 
venous injections of several milligrams of this alkaloid had no efiLect 
on normal animals 

COMMENT 

On the basis of the experimental work presented, it seems clear that 
even enormous quantities of insulin injected intravenously into normal 
rabbits, protected from hypoglycemia by dextrose feeding, manifest no 
general toxic effects in the course of seven and one-half hours This 
observation is in harmony with the clinical observation of Byworth,^ 
who used, with satisfactory results, 1,715 units of insulin in the couise 
of thirty-six hours m the treatment of a patient with diabetic acidosis 
No explanation can at present be offered for the high mortality of the 
rabbits treated with “massive” doses of crystalline insulin 

It can be definitely stated on the basis of the work presented m this 
paper that “massive” doses of insulin do not have a greater effect on the 
hyperglycemia resulting from the administration of dextrose than do 
“small” doses This observation is in accord with the observations of 
Allan,^ who m 1924 showed in depancreatized dogs that the dextrose 
equivalent per unit of insulin becomes progressively less as the dose 
of insulin IS increased Our experiments on well-fed rabbits even 
suggest that “massive” doses of insulin may, not only relatively but 
actually, have less effect on the hyperglycemia resulting from the admin- 
istration of dextrose than do “small” doses of the hormone The fact 
that no constant differences in the effect of “massive” and “small” 
doses of insulin were noted in the group of animals previously starved 
suggests that the amount of glycogen present m the tissues and the state 
of nutiition may play a significant role m the behavior of insulin 
administered after the ingestion of dextrose It should be pointed out 
that the maximal rate of utilization of dextrose resulting from the 
injection of insulin is probably reached with doses less than 7 units 
per kilogram, which represents the “small” dose in our experiments ^ 


3 Byworth, H A Bnt M J 1 801, 1928 

4 Allan, F N Am J Physiol 67 275, 1924 

5 Con, C F, and Con, G T J Biol Chem 70 557, 1926 
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It has been observed by MacLeod,® Con " and many others that 
insulin tends to suppress the deposition of glycogen in the liver after 
feedings of dextrose Oui work offers confii mation of these results 
MacLeod has explained the low values foi glycogen in the liver 
obtained following the injection of insulin by assuming that the small 
amount of blood sugar, which lesults from “a sugar vacuum” in the 
tissues, acts as a stimulus for glycolysis m the liver This explanation 
fails to receive support from our experiments, since the liver of the 
msulmized rabbits contained smallei amounts of glycogen than did 
those of control animals, in spite of the piesence of marked and pei- 
sistent hyperglycemia Con and Con ® lecently made observations 
similar to ours Fiom the preceding discussion it seems probable that 
the lower values for glycogen obtained in msulmized animals, m con- 
trast to noninsulinized normal animals, lesult from an inhibition of the 
formation of gl)'Cogen m the liver or from the slightly lower concentra- 
tions of blood sugar 

In 1924, Riddle, Honeywell and Fisher ® observed that a single laige 
dose of insulin frequently caused marked swelling of the adrenal glands 
m pigeons protected fiom shock by adequate amounts of food PolM® 
studied the adienal glands of pigeons and rodents m insulin shock and 
found a marked decrease in the chromaffin and lipoid contents Kahn 
confirmed Poll’s observations, and noted that section of the splanchnic 
nerves to one gland prevented the changes from developing in this organ 
In our work the animals were always protected from shock, and no 
definite histologic changes were noted in the suprarenal glands This 
would suggest that the changes reported by other investigators are 
dependent on the hypoglycemic reaction and not on the action of insulin 
per se 

CONCLUSIONS 

1 A comparative study has been made of the effects of “small” and 
of “massive” doses of insulin in well-fed and pieviously starved normal 
adult rabbits protected from hypoglycemia by the ingestion of large 
amounts of dextrose 

6 MacLeod, J J R Carbohydrate Afetabolism and Insulin, New York, 
Longmans, Green & Company, 1926 

7 Con, C F, and Con, G T J Biol Chem 70 577, 1926 

8 Con, C F, and Con, G T J Biol Chem 85 275, 1929 

9 Riddle, O , Honeywell, H E, and Fisher, W S Am J Phvsiol 68 
461, 1924 

10 Poll, H Med Klin 21 1717, 1925 

11 Kahn, R H Arch f d ges Physiol 212 54, 1926 
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2 The marked variation m the blood sugar curves of rabbits 
receiving identical treatment has been emphasized 

3 “Massive” doses of insulin do not have a greatei effect on the 
hyperglycemia resulting fiom administration of dextrose than do “small” 
doses Evidence is piesented which suggests that m well-fed labbits 
“massive” doses of insulin have not only relatively but actually less effect 
on hyperglycemia than do “small” doses 

4 The storage of glycogen m the liver is suppressed by insulin 
in spite of the presence of persistent and maiked hyperglycemia 

5 In contrast to obseivations made in the presence of hypoglycemia, 
no definite histologic changes are found in the adrenal glands of rabbits 
piotected from insulin shock by dextrose This suggests that the changes 
observed by other investigators were associated with hypoglycemia, and 
were not due to the action of insulin per se 

6 The injection of fiom 300 to 500 clinical units of insulin pro- 
duces no general “toxic” effect in normal rabbits 



ACUTE TOXIC HEPATITIS (ACUTE YELLOW 
ATROPHY) DUE TO CINCHOPHEN 

REPORT OF A CASE 
K K SHERWOOD, MD 

REDMOND, WASH 
AND 

H H SHERWOOD, MD 

KIRKLAND, WASH 

Diagnosis in cases of painless jaundice is always an interesting 
problem The two most common causes are, of course, catarrhal jaun- 
dice and caicmoma of the head of the pancieas It so happened that 
last spiing we had on our hospital service at one time three cases of 
jaundice, all of relatively lare etiology, namely, hepatic syphilis, heiedi- 
tary hemolytic jaundice and cinchophen poisoning In this paper we 
shall biiefly review the literature and leport the case of cinchophen 
poisoning 

Chemically, cinchophen is a ring compound containing nitrogen 
This occurrence of nitiogen in its double benzene ring undoubtedly is 
the cause of the occasional development of toxic symptoms Its thera- 
peutic action IS twofold ^ first, as a mobihzer of uiic acid, it remark- 
ably hastens the excretion of uric acid through the kidneys , and second, 
It IS a distinct antipyretic This latter effect is marked, since a model ate 
dose will reduce the tempeiature of a normal dog an entire degree, 
wheieas m a proportionate dose, sodium salicylate given to noimal 
animals has no effect whatever 

Physiologically, it is excreted i athei promptly in the urine, unchanged 
or slightly oxidized It has been shown phai macologically that benzene 
does not act as a hepatic poison On the other hand, the inclusion of 
a nitrogen atom in the chemical ring makes possible the foimation 
of nitrobenzene compounds from it by cleavage^ Tiinitrophenol and 
ti mitrotoluene are maiked hepatic poisons Ciawfoid® studied the 

Submitted for publication. Sept 20, 1930 

From the medical service of the Virginia Mason Hospital, Seattle 

'^Read before the King County Medical Society, Seattle, Nov 10, 1930 

1 Furth, O , and Kuh, E Biochemical Studies on the Absorption of the 
Ethjlester of Paramethylphenyl Cinchoninic Acid and Its Fate in Metabolism, 
I Pharmacol & Exper Therap 38 1, 1930 

2 Brughsch and Horster Toxicology of Atophan, Ztschr f d ges Med 
38 386, 1923, quoted by Rabinowitz, M A M Clin North America 11 1025, 
1928 

3 Crawford TNT Poisoning (Case Report), Brit M J 1 450, 1918 



SHERWOOD-SHERWOOD—ACUTE HEPATITIS 


83 


toxic symptoms of trinitrotoluene poisoning, and made the impoitant 
discovery that m nomial munition woikeis, trinitrotoluene was excreted 
m the urine In three cases of acute yellow atrophy m munition work- 
ers, however, none was found in the urine, but it was found in the 
feces The symptoms of trinitrotoluene poisoning as desciibed by 
Crawford were essentially those of acute yellow atrophy Theie was 
usually a prodromal stage of from one to thiee weeks before the 
onset of jaundice Conti ary to the course of acute yellow atrophy 
and of cmchophen poisoning, his three patients, although unconscious 
for many days (one of them for three weeks), recovered, and no 
residual bad effects could be found He described the liver as maikedly 
smaller than normal when the patients were m a comatose condition, 
and on full lecovery, as again noimal in size Thus cmchophen poison- 
ing IS caused by the abnormal decomposition of the drug within the 
body into nitrocompounds, and by the failure of the kidneys to excrete 
these abnormal products of decomposition 

REVIEW OF THE LITERATURE 

The drug was first introduced m 1908 It was not until 1913 that 
reports of adveise re'^ults m its use weie first published These dealt 
with the symptoms in the skin, which usually consist of a lash The 
character of this rash is subject to great variation In some patients 
it may assume the appearance of the rash m scarlet fever, m others 
It may be urticaiial, and moie rarely it is maculopapular Varieties may 
or may not be accompanied by purpuia-hke spots Seveial cases have 
been closely checked, and it has always been demonstrated that once 
the rash has appeared it will reappear with lesumption of the use of 
the diug, even if a much smaller dose is given Of the twelve cases 
with skin manifestations that have been reported, the only fatalities 
occurred m cases with marked symptoms in the liver 

Stiangely enough, since 1913, little mention has been made of 
lesions m the skin The first report of jaundice lesultmg from the 
use of this diug was that of Schraedei,^ m 1922 He reported a series 
of seventeen cases, all of them mild and nonfatal Gastro-intestmal 
symptoms, consisting mainly of nausea and heaitburn, with painless 
jaundice accompanied by pruiitis, are the features of the intoxication 
on \vhich he laid stress In passing, it is of inteiest to note that this 
series is over five times the size of any subsequently reported Begin- 
ning m 1926, several reports are found each }'ear Langdon Bi own’s '' 

4 Schraeder, K Cases of Cmchophen Poisoning, Ugesk f laeger 84 1141, 

1922 

5 Brown, L Report on Atophan Poisoning, Brit M J 2 37, 1926 
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report in Juty, 1926, seems to have drawn the attention of the scientific 
world to the possibility of fatal end-iesults following the administration 
of this drug In Germany, seveial cases were the result of the intra- 
venous administration of a piepaiation of cmchophen, or of giving 
an iodine prepaiation for the study of the gallbladder 

We have been able to gathei from the available literature ^ fifty -four 
cases — fifteen fatal, thirty-nme attended with recovery — clinically com- 
plete save in one instance There seems to be no especial sex or 
age predilection, if one consideis the fact that elderly people piesent 
more symiptoms for which this drug will be used All except one of 
the patients with gastro-mtestinal symptoms had jaundice In a few 
cases, there was a consideiable lapse of time between the cessation of the 
administration of the drug and the inception of the symiptoms Nausea, 
heartburn and, in most cases, tenderness m the uppei light quadrant of 
the abdomen preceded the jaundice by’^ fiom twenty-four hours to five 
days Thei e does not seem to be any^ relation between the daily dose oi 
the length of time the diug was taken and the occurrence of toxic symp- 
toms This, howevei, could only be determined by study’^ of a large 
series m which varying doses would be given over a long period of time 
The largest amount taken before toxic symptoms developed was 7,000 
giams (455 Gm ), the least, 15 grains (0 97 Gm ) , the most taken in 
one day was 70 grains (4 5 Gm ), the least probably^ 15 grams, although 
symptoms developed in seveial patients when an average dose of less 
than 15 giains per day was given over a period of weeks 

CLINICAL PICTURE 

The clinical picture of cmchophen poisoning is that of acute yellow 
atrophy of the liver The first syunptoms to be complained of are 
usually gastric irritability, intolerance and more laiely heartburn 
Nausea is almost universally present It is important to know that 
these symiptoms may arise as late as ten days after the cessation of 
the administration of the drug In from one day to a little over a 
week after these symptoms, the onset of jaundice, bihuria, piuritis and 
sometimes clay-colored stools occur Pam is usually absent, and when 
it does occur, it is not extreme The amount of the drug taken seems 
to have little bearing on the onset or course of the disease The jaundice 
continues to deepen, and usualty if it is looked for, a decrease in the 

6 Hitzenberger, K Atophan Poisoning (Case Report), Wien khn Wchn- 
schr 40 205, 1927, Singer, S Ibid, p 238 Schwartz G Ibid, p 238 
Haudek, M Ibid, p 239 Khnkert, D Atophan Poisoning (Case Report), 
Therap d Gegenw 69 140, 1928 

7 The articles by Dassen, Miller and Rake (accompanying table) and that by 
Singer (footnote 6) were not available in the original These cases were included 
in the table because they were quoted elsewhere in sufficient detail 
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size of the liver can be demonstrated In the more chionic cases, 
ascites and splenomegalia may develop Thus, jaundice usually occuis 
in the first week of the illness, if by the end of a second week of 
jaundice, there is not a distinct improvement m the patient’s condition, 
the thud w'-eek will usually show a maiked increase in the symptoms 
jaundice and the toxemia increase, the livei deci eases in size, and edema 
appears in the extremities Usually by the fourth week the edema 
begins to become geneialized This is of especially grave significance 

Table on the Cases of Cincliophen Poisoning Repoited in the Gasti o-Inleslinal 

Liteiatine 


Involvement 



Number 

t 

—A ^ 




of 


Gastro 


Recov 

Author 

Cases 

Skin 

intestinal 

Died 

ered 

Anderson, S 0 , and Teter, OP JAMA 






93 2 (July 13) 1929 

1 


1 

1 


Brown (footnote 5) 

Dassen, R Semana med 36 36S, 1929, abstr 

2 


2 

2 


J A M 4 92 1503 (May 4) 1929 

2 


2 


2 

Drought Worster, 0 Brit M J 1 14S, 1923 

1 

1 

1 


1 

Evans, G Bnt M J 2 • 93, 1920 

3 


3 


J 

Prenzel, W C Wisconsin M J 28 * 204,1927 

1 


1 


1 

Glover, L S Bnt M J 2 130, 1920 

1 


1 


1 

Haudek (footnote 0, fourth reference) 

Herrick, W W JAMA 01*1376 (Nov 11) 

1 


1 


1 

1913 

1 

1 

1 


1 

Hitzenberger (footnote 6, first reference) 
Lowenthal, L J A , Mackay, W A , and Lowe, 

2 


2 

2 


P 0 Bnt M J 1 092, 1928 

McViear, C S , and Wier, J P M Clin North 

2 


2 

2 


America 12 1326, 1929 

Miller, M Gesellsch f mn Med u Kinderh , 

1 

1 

1 

1 
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As far as can be ascertained from incomplete case recoids, no patient 
in whom this occurred has recovered Death frequently occurs without 
the development of edema, however The patient becomes delirious, 
then comatose, and dies, presenting a striking picture of hepatic insuffi- 
ciency Fever is usually absent, and when present may be accounted for 
either by a secondary factor, e g , bronchopneumonia, or by the process 
for which the drug w^as given 

Pathologically, the most striking picture is seen in the liver,® which 
IS very small and soft In the sections, yellow areas the size of a 

8 Reichle, H S Toxic Cirrhosis of the Liver, Arch Int i^Ied 44 2 (Aug ) 

1929 
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pinhead aie surrounded by soft, red, beefy tissue Microscopically, 
one scarcely recognizes the tissue as hepatic The red areas are found 
to consist of necrotic debus, small round cells, young connective tissue 
and fat, free and intercellular The yellow areas, which contain the 
only lecognizable hepatic cells, are small, and the vast majority of the 
cells contain a droplet of fat which displaces the greater amount of 
its aiea What remaining c)doplasm there is, is granular The fatty 
degeneration is not limited to the liver, howevei It is also conspicuous 
in the heart muscle and m the kidney Splenomegaha is only seen in 
the more chronic cases Edema of the extremities and serous cavities 
may be gieat Primary hepatolysis, therefore, can be accompanied by 
secondary fatty degeneration of the heart and kidneys The only 
exception is the case of Petty,'' which at operation showed a pancreatic 
necrosis This patient recoveied, so no pathologic examination of 
the hvei was possible 

Is there anything that can be done foi this condition^ Ceitamly 
its recognition earhei and the discontinuance of the drug aie of piiniary 
importance Giaham,“ in a papei read befoie the Royal Societ} in 
London, emphasized the fact that there is a correct and an incorrect 
way to administer the drug He lecommended as the correct way, the 
giving of model ate doses, accompanied by alkalis, for periods of four 
da}s, with at least a three day lest between series It is perhaps signifi- 
cant that only one case of poisoning is reported wherein this regimen 
was followed The first gasti o-mtestinal symptoms in a patient taking 
a cmchophen prepaiation should be the signal for its peimanent dis- 
continuance — peimanent, because it has been repeatedly shown that 
once s}mptoms are started, the readministration of even a single dose 
of the drug may bring on jaundice or symptoms in the skin, if not a 
fatal outcome This is pieventive therapy Once jaundice is estab- 
lished, physicians must place their mam reliance on dextrose Mann 
has shown that the cause of death m experimental lemoval of the hvei 
IS due, at least primarily, to the inability of the organism to keep the 
blood sugar level at its optimum It is one of the most important 
functions of the liver to serve as a reservoir for the storage of dextrose 
so that it can be taken as needed to keep the blood sugar at a nearly 
constant level Thus, by frequently giving our patients carbohydiates, 
we are minimizing the amount of work the liver must perform Elimi- 
nation should be aided, and the intake of fluids augmented to the amount 

9 Petty, M J Atophan Poisoning (Case Report), Bnt M J 2 442, 1928 

10 Graham, G Presidential Address, Section of Therapeutics and Pharma- 

colog 3 % Tr Ro}' Soc Med , October, 1926, quoted by Lowenthal (see table) 

11 Mann F C Effects of Complete and Partial Removal of the Liver, 
Medicine 6 419, 1927 
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that will be excreted Rest in bed is, we feel, essential for conserving 
to the utmost both heart and kidneys, which frequently show a fatty 
degeneiation Tieatment of edema oi ascites should be conservatne 
Sutton’s expel lence with giving a mercury diuretic intiavenously 
illustrates the dangers of treating accumulated fluid m this disease 
in a routine manner He administered such a compound with the i esult 
that the output of urine, which had been about 1,400 cc pei da 3 ^j 
promptly dropped to 300 cc for the next three and a half days Usually 
111 the absence of a fatal ending, results aie good Only one case has 
been repoited m which the patient was left with clinical splenomegaha, 
and even that was of a mild degree (the spleen was just palpable) 

REPORT OF A CASE 

Hisfoiy — W M, a man, aged 27, was first seen on Jan 4, 1930 
His personal and family history were unimportant The patient complained of 
a gonorrheal infection and he was given the usual treatment, with seemingly satis- 
factory results, until January 21, when severe cystitis developed, with almost a 
constant straining to void This yielded to irrigations of the bladder, so that by 
February 1 he was in a satisfactory condition, and it seemed that he was over his 
troubles On February 13, however, he began to complain of pain m his ankles and 
feet, which soon shifted and centered in the left hand and wrist , the pain was so 
severe that the patient could obtain no rest With the onset of pain, the temperature 
rose to 100 F and then to 103 F After a few days on salicylates and iodides he 
became comfortable, and the temperature dropped almost to normal On February 
20, he had a chill followed by high temperature, and the recurrence of great pain 
m the left hand and wrist The pain was so severe that we gave him a hypodermic 
of morphine sulphate, % gram (0 016 Gm ), thinking that it would give him relief, 
but It did not, so the following night hyoscine morphine cactm anesthesia was 
tried This resulted m a wild delirium He was put on cinchophen tablets (Scher- 
ing and Gatz), taking 75 grams (4 87 Gm ) in all He was free from pain, and 
his temperature was normal He remained comfortable for two days, then on the 
night of February 26 (five days after the administration of cinchophen had been 
commenced), he had a severe chill and great pain in the region of the right hip 
At this time he was also somewhat jaundiced He was then persuaded to go to 
the hospital, where he was admitted on February 29, complaining of great pain 
and marked jaundice 

Cowse — On March 1, the patient was very uncomfortable The stools were 
clay-colored Examination of the blood revealed hemoglobin, 70 per cent, red 
cells, 3,860,000, white cells, 14,150 with 79 per cent polymorphonuclears The 
Wassermann reaction was negative, and urinalysis showed bile Both the van 
den Bergh immediate and delayed reactions were positive The icterus index 
was 70 On March 3, the van den Bergh biphasic reaction was positive and the 
icterus index was 70 The patient was still very uncomfortable on the following 
day The van den Bergh direct quantitative reaction was -f 7 5 mg of serum The 
stools were slightly positive from the bile On March 7, the patient was more 
comfortable, his condition was less toxic, and the jaundice was beginning to clear 

12 Sutton, D C Acute Yellow Atrophy of Liver Following Taking of 
Cinchophen (Case Report), J A M A 91 310 (Aug 4) 1928 
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The next day the van den Bergh direct reaction was -j- 3 4 mg of serum The tem- 
perature ranged from normal to 100 F Continued improvement was observed on 
March 10, and on the twelfth, intravenous salicylates were started, which ga\e 
marked relief From the fourteenth to the twenty-sixth, there was gradual 
improvement on intravenous saliC3dates and a diet high m carbohydrates 

The patient was discharged on March 28, able to walk on crutches The 
jaundice had disappeared 

On April 20, no symptoms had recurred, and he was pronounced clinically well 


CONCLUSIONS 

1 The administration of cmchophen is occasionally accompanied 
by toxic symptoms 

2 These toxic symptoms are of two types, affecting either the skin 
or the hvei 

3 Twelve cases m which there were skin manifestations have been 
collected from the hteratuie, unless complicated by symptoms in the 
liver, none of these was fatal Once cutaneous s}mptoms appear, the 
readmimstration of the diug, even m smallei doses, will cause their 
recurrence 

4 Forty-eight cases of acute hepatic necrosis were collected from 
the literature, and one case was added Fifteen fatalities were reported 
Poisoning IS apparently due to an abnormal decomposition of cmchophen 
in the body and its retention, thus corresponding to that occurring in 
munition workers (due to trinitrotoluene poisoning) 

5 Neither the length of time the drug was administered nor any 
save excessive doses (70 grains) appear to predispose to the onset of 
toxic symptoms 

6 Pathologically, in the fifteen cases in which death occurred, acute 
hepatic necrosis (acute yellow atrophy) was found with acute fatty 
degeneration of the heait and kidneys 

7 Therapy consists of complete rest in bed and the forced feeding 
of fluids and carbohydrates 

8 Only one patient who recovered retained clinical signs of portal 
stasis (splenomegaha) Readmimstiation of the drug, even in much 
smaller doses, will usually produce jaundice immediately 



ESSENTIAL HYPERTENSION 

THE DIASTOLIC BLOOD PRESSURE ITS VARIABILITY 
DAVID AYMAN, M D 

BOSTON 

There have been in the past many unemphasized obseivations of 
diastolic variability both in patients with arteiial hypertension and 
in those with noimal blood pressure In 1911, Schrumpf and ZabeL 
found that in their arteriosclerotic patients, in which group they included 
those with arterial hypertension, the diastolic blood pressure fluctuated 
almost paiallel with the systolic They noted diastolic variations up to 
35 cm (water sphygmomanometer) Tixier “ mentioned that the 
diastolic tension may undergo impoitant variations More recently, 
Fahrenkamp,® referring to a case of “malignant nephrosclerosis,” stated 
that the diastolic blood pressure curve showed fundamentally the same 
fluctuations as the systolic curve Kjdm,^ in a study of the lability in 
essential hypertension, does not discuss diastolic lability, but m a charted 
example of the blood pressure of a patient with essential hypertension 
he shows a variation of 55 mm of mercury in the diastolic blood pres- 
sure during a week’s observation During a twenty-four hour period 
of study, Mueller and Brown ® found a diastolic variation of 40 mm 
of mercury in a patient with normal blood pressure and a diastolic 
variation of 70 mm in a patient with essential hypertension In a 
patient with “severe benign hypertension,” Brown “ found a diastolic 
variation of 48 mm within a five hour period Frost and Amiral ® 

Submitted for publication, Nov 10, 1930 

^From the Medical Clinic of the Boston Dispensary, service of Dr Joseph H 
Pratt, and the Division of Research 

1 Schrumpf, P , and Zabel Die diagnostische Bedeutung der psy^hogen 
Labilitat des Blutdruckes, Munchen med Wchnschr 58 1952 (Sept 12) 1911 

2 Tixier, L Les variations normales et abnormales de la tension arterielle 
humerale. Arch d mal du coeur 12 337 (Aug ) 1919 

3 Fahrenkamp, K Die psy^cho-physischen Wechsehvirkungen bei den 
Hypertomerkrankungen, Stuttgart. Hippokrates, 1926, p 42 

4 Kylm, E Die Hypertoniekrankheiten, Berlin, Julius Springer, 1926, p 70 
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6 Brown, G E Daily and Monthly' Rhy'thm in the Blood Pressure of a 
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7 Frost, H M The Response of the Cardio-Vascular Sy'stem to Respiratory 
Exertion, Boston M & S J 191 853 (Nov 6) 1924 

8 Amiral, H H The Reaction of the Diastolic Pressure to Respiratory 
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produced, both in patients with noiinal blood pressuie and in those 
with hypei tension, diastolic vaiiations up to 32 mm of mercury b> 
means of lespiiatory exertion O’Hare and Walker," while observing 
the effect of salt m essential hypei tension, found in patients m the 
waids diastolic variations up to 65 mm O’Haie stated^" that excite- 
ment might laise the diastolic blood piessure as mucb as 24 mm While 
discussing “emotional hypei tension,” Stieglitz repoited an average 
use of 29 mm in the diastolic blood pressure of eight patients under 
emotional strain Mosenthal and Short and Sigler separately studied 
the effect of rest on the blood pressure in essential hypei tension by 
taking the blood pressure of reclining subjects at frequent intervals 
during total periods of from three to ninety minutes Mosenthal and 
Short found in forty of these patients an aveiage drop in diastolic blood 
piessure of 10 mm of meicuiy, with ranges of 0 to 30 mm Sigler 
did not publish the details of his studies, but he charted a diastolic 
variation of 50 mm of mercuiy, occurring in a patient while leclming 
for eight minutes 

In almost all of the foregoing studies, the problems investigated have 
not been those of diastolic variability, so that the diastolic variations aie 
hardly more than mentioned All the obseiwations cited, among many 
others unquoted, show that there is a significant fluctuation of the diastolic 
blood pressuie in individual cases These studies do not indicate, how- 
ever, the great extent to which the diastolic blood pressure may fluctuate 
in a large number of patients with essential hypertension who have been 
observed over a moderately long period of time Such is the natuie 
of the piesent study 


METHOD or PRESENT STUDY 

During the past two years, I have seen a large group of patients with essential 
hypertension at frequent intervals in the hypertension clinic of the Boston Dispen- 
sary Of this group, seventy-six patients were chosen for the purpose of the 
present study The basis of selection was merely that of regular attendance at 


9 O’Hare, J P , and Walker, W G Observations on Salt in Vascular 
Hypertension, Arch Int Med 32 283 (Aug) 1923 

10 O’Hare, J P Vascular Reactions m Vascular Hypertension, Am J i\I 
Sc 159 373 (March) 1920 

11 Stieglitz, E J Emotional Hypertension, Am J M Sc 179 775 (June) 
1930 

12 Mosenthal, H O, and Short, J J The Spontaneous Variability of Blood 
Pressure and the Effects of Diet upon High Blood Pressure, Am J M Sc 165 
531 (April) 1923 

13 Sigler, L H Spontaneous Nonrhythmic Variations m the Blood Pressure 
Levels and m the “Silent Gap,” Am J M Sc 177 494 (April) 1929 
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the clinic The diagnosis of essential hypertension ^\as made in the indnidual 
case only after at least two months’ observation and after obtaining at least fi\e 
abnormally high blood pressure readings, together with normal renal function 
tests A few of the patients observed had moderately impaired renal function 
These have been purposely included m the study and will be referred to later No 
medication was gi-ven during the period of observation utilized for the present 
investigation 

I made all the blood pressure observations by using a mercury sphyg- 
momanometer, the auscultatory method, and the beginning of the fourth sound as 
an index of the diastolic blood pressure The blood pressure readings were taken 
in a quiet room while the patient was seated, with his arm resting on an adjacent 
table The readings were taken at each visit when the patient first sat down and 
then at intervals of from five to ten minutes over periods varying between five and 
forty-five minutes In this manner, patients were observed over periods of fiom 
two months to two years, although the period of known hypertension ranged m 
the individual cases from a minimum of seven months to a maximum of fifteen 
years In determining the total individual diastolic variation during the period of 
study, the highest diastolic reading was utilized only if it antedated or was taken 
soon after the lowest diastolic reading In this way, one obviates the criticism 
that as the disease advances during the course of a year or two, the diastolic blood 
pressure may rise naturally and an apparent fluctuation appear 


OBSERVATIONS 

For the purpose of analysis, the seventy-six patients were divided 
into three groups on the basis of the general height of their systolic 
blood piessure, group 1 having readings usually above 200 mm of 
mercury, group 2 usually between 160 and 200 mm of mercury, while m 
group 3 the systolic blood pressure readings weie mostly between 160 
mm and the upper normal limits The diastolic blood pressures 
of group 1 were m general higher than those of group 2, which, in 
turn, were higher than those of group 3 

1 Total Individiial Variations Without Rest Peiiods — The total 
diastolic variations in these three groups langed from a minimum of 
5 mm to a maximum of 66 mm of mercury, with an average variation 
for the seventy-six patients of 30 mm The average variation of group 
1 was 37 5 mm , of group 2, 32 4 mm , and of group 3, 22 5 mm 
(table 1) In other words, the higher the systolic blood pressuie, the 
greater was the total diastolic fluctuation m these patients The total 
variation of the diastolic blood pressuie in each of the seventy-six 
patients is shown in chart 1 So far these figures refer only to the 
total diastolic variation found m the initial blood pressure readings 
of all visits, excluding the drops due to rest periods 

14 Ayman, D Normal Blood Pressure in Essential Hypertension, J A 
M A 94 1214 (April 19) 1930 

15 Hunter, A W Blood Pressure What Affects It^ An address before 
Association of Life Insurance Presidents, Dec 6, 1923 
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2 Effect of Rest Penods on the Total Vauahon — By including in 
the total vaiiations the drops in diastolic blood pressure that occurred 
while the patient sat in a quiet room, it was found that the diastolic 
variations in the thiee groups ranged from a minimum of 8 mm to 
a maximum of 70 mm , with an average of 37 mm (chart 1 and table 

T-niLE 1 — The Effect of Rest and of the Height of the Svstohe Blood Piessnic on 

the Total Diastolic Vauahon 




Group 1 Group 2 

24 Patients With 22 Patients With 
Systolic Usually Systolic Usually 
200 Mm or More Betv cen 160 200 Mm 

Group 3 

30 Patients With 
Sjstolic of 

160 Mm or Less 

Total dnstolic variation of 
Mood pressure readings 
total observation 

initial 

during 

37 5 mm 

32 4 mm 

22 5 mm 

Total diastolic variation of all diastolic 
readings during total observation 
(including rest periods) 

43 O mm 

37 5 mm 

30 mm 



Chart 1 — The total variation of the diastolic blood pressure in each of seventj'- 
six patients Each vertical black band represents the total variation occurring 
without rest periods The narrower vertical bands indicate the additional diastolic 
variation due to rest periods Groups 1, 2 and 3 correspond to those described in 
the text 


1 ) The at erage variation of group 1 now became 43 5 mm , of group 
2, 37 5 mm , and of group 3, 30 mm Rest periods, therefore, increase 
the total diastolic variations 

0 Relation of the Nnmhci of Visits to the Amount of Total Vaua- 
tion — The extent of the total fluctuation in the individual case bears 
a distinct relation to the total number of visits made by the patient and 
utilized for the study the greater the number of visits, the greater 
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the fluctuation within limits This is shown in chart 2 wflnch illustiate‘= 
only the patients in group 1 The same relationship w^as found to 
hold true in groups 2 and 3 Practically all patients obseived ten oi 
more times had total diastolic variations of 30 mm of meicur) or more 

4 The Pejcenfage of Vauahon of the Diastolic as Compaied ictfh 
the Pe) centage of Vai lation of the Systolic Blood Pi essui e — By taking 
the highest diastolic blood pressure reading m the individual case, e g , 
150 mm of mercury, and also the coi responding low^est diastolic lead- 
ing, e g , 100 mm , it is possible to express the difference of fluctuation 
as a percentage fluctuation of 150 mm By using the same method w^ith 



Chart 2 — The relation of the number of visits to the degree of total diastolic 
fluctuation The chart is a rearrangement of the cases m chart 1 (i) to show the 
entire diastolic fluctuation in each case The total number of visits (solid black 
dots) and the number of visits with rest periods (circles) are plotted m each case 


the corresponding systolic blood piessures, it is then possible to com- 
pare the pel centage of fluctuations of the systolic and diastolic blood 
pressures It is thus seen that a patient whose blood pressure has 
varied, for example, betw^een 240 systolic and 150 diastolic and 160 
systolic and 100 diastolic, has had a percentage fluctuation of 33 3 per 
cent in both the systolic and the diastolic blood pressures 

In this manner the percentage fluctuations of the systolic and diastolic 
blood pressures of the seventy-six patients w^ere determined and com- 
pared in each patient It was found that in group 1 the average per- 
centage fluctuation of the diastolic pressuie was 32 per cent and of 
the systolic, 32 per cent, in group 2, the diastolic ivas 32 per cent and 
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the systolic was 36 per cent, and in group 3, the diastolic was 26 per 
cent and the systolic was 27 pei cent The average percentage fluctua- 
tion for the thiee gioups was diastolic, 30 pei cent and systolic, 316 
per cent For practical purposes it may be said that the percentage 
fluctuation of the diastolic blood piessuie was as great as that of the 
systolic blood piessuie 

5 Ma.ximum Dwstohc Vaiiahons at Any One Visit — In order to 
deteimine the maximum diastolic vaiiation at any one visit in each 
patient, it was necessary to utilize only the blood pressuie leadings 
taken dm mg visits with rest peiiods It was found that the greatest 
diastolic fluctuation at any one visit was 65 mm and the smallest 
variation was 4 mm The average of group 1 was 17 9 mm , of group 

2, 13 5 mm, and of gioup 3, 14 5 mm The modal distribution of 
these fluctuations showed that in group 1, 82 per cent of the patients 
had maximum fluctuations between 15 and 25 mm , m gioup 2, 81 
per cent had maximum variations between 5 and 20 mm , and in group 

3, 84 per cent had their maximum between 5 and 20 mm 

6 The Relation of the Maxnmun Diastolic Vauaiion at Any One 
Visit to the Nunibei of Visits with Rest Pei tods — Of the patients 
who made more than five visits with lest periods, 65 per cent (twenty- 
three) had maximum diastolic vaiiations of more than 15 mm at one 
of these visits On the other hand, of the patients who made five or 
less visits with rest periods, 65 per cent (twenty-seven) had maximum 
diastolic variations of less than 15 mm of mercury at one of these 
visits This indicates that the greater the number of visits with rest 
periods, the greater the maximum diastolic variation during some one 
of these visits 

7 The Relation Betzveen the Maximiini Diastolic Vauation at Any 
One Visit and the Time Requited fo> the Vauation to Occni — The 
maximum diastolic variation at any one visit occuired in 80 per cent 
of the patients only after ten minutes or more of lest and m 50 per 
cent of the patients only after twenty minutes or more of rest How- 
ever, the amount of maximum vauation at any one visit seemed to 
bear no relation to the length of the rest period Of the patients who 
had rest periods of less than ten minutes, 60 per cent had variations 
of more than 15 mm , of the patients who had rest periods of fiom 
ten to twenty minutes in length, 50 per cent had variations of moie than 
15 mm , and of the patients who had rest periods of more than twenty 
minutes, 46 per cent had variations of more than 15 mm 

COMMENT 

In seventy-six unselected, untreated patients with essential hypei- 
tension, the diastolic blood pressure was found to fluctuate widely 



Table 2 — Analysis of the Scventv-Sii Cases of Essential Hypei ttn<;wn in zAmli 
the Diastolic Blood Picssinc Fluctuated '' 
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46 

1 5 

120 78 



4-r 

— 

6 

54 

13 

no 68 

— 


4 

_ 

7 

75 

2 1 

108 CS 

— 


4- + _ 

_ 

8 

56 

1 2 

100 64 

— 

— 


_ 

9 

45 

7 0 

112 76 

— 


-4 

— 


Table 2 — Analysis of the Scventy-St'i Cases of Essential Hypei tension in which 
the Diastolic Blood Piessuie Fluctuated ^ — Continued 


Known Diastolic Heart Electro Changes m Renal 

Duration of Range During Enlargement cardiographic Retinal Punction 




Hyperten 

Total 

by Ortho 

Changes, 

Blood 

Impair 

Case 

Age 

Sion, Yr 

Observation 

diagraph 

Degree 

Vessels 

ment 




Group 3- 

-Continued 




10 

21 

1 0 

100 08 




— 

11 

74 

4 0 

104 00 

4 - 

—10 

+++ 

_ 

12 

51 

50 

110 70 

-i- — 


+ + + 

— 

13 

49 

20 

120 92 

__ 


++ 

— 

14 

70 

1 8 

104 74 

— 


++ 


15 

19 

10 

98 72 




— 

16 

00 

35 

102 OS 

— 

— 

++ 

— 

17 

48 

1 3 

104 80 

~ 

0 



18 

52 

70 

110 84 


— 0 

— 

— 

19 

38 

2 2 

128 lOS 

*- 


+ + 

— 

20 

68 

6 2 

90 OS 

— 


+ 

— 

21 

50 

01 

92 74 


— 

+ + + 

— 

22 

44 

1 0 

110 90 

— 


+ + 

— 

23 

30 

02 

110 92 




— 

24 

19 

08 

88 70 



— 

— 

25 

40 

1 1 

120 100 

— 


+ 


20 

52 

7 0 

lOS 90 

— 


+ + + 

— 

27 

34 

02 

102 GO 





28 

43 

1 0 

120 90 



— 


29 

56 

1 2 

104 90 




__ 

30 

54 

1 0 

104 84 



+ + 

— 


♦ In the table ++-^ indicates marked cardiac cnlartcmcnt, or retinal arteriolar sclerosis, 
— moderate cardiac enlargement, or retinal sclerosis, +, slight cardiac enlargement, or 
retinal sclerosis, under electrocardiographic changes are gnen the degree of left a\is deviation 
according to the standards of Emthoven 

(a) Have had a cerebral hemorrhage 

(b) Died of cerebral hemorrhage 

(c) Died of cardiac insufliciencv 

during periods of observation extending in the individual cases up to 
one and a half years It might possibly be contended that the author 
was dealing with a mild type of essential hypertension Table 2 shows, 
however, that many of the patients had already been severely injured 
by the disease 

In this table, the patients have been aiianged in the individual order 
of the three groups in chart 1 It is seen that in group 1 all the patients 
had marked retinal arteriolar sclerosis , practically all of them had 
cardiac enlargement determined by the oi thodiagraph, and many of 
them had electrocardiographic abnormalities Twentj^’-five per cent, or 
six patients, have died oi have had cerebral hemorrhages Seventeen 
per cent, or four patients, show moderate renal damage, as indicated 
by poor ability in dilution and concentration, together with albumin 
and casts Yet the patients in gioup 1, despite then generally higher 
levels of blood pressuie than those in groups 2 and 3, and despite their 
advanced changes, including renal, had, both absolutely and by per- 
centage, as great a diastolic variation as those in groups 2 and 3 In 
group 2 there is a smaller degiee of vascular organic changes, yet 
sufficient to cause cerebral hemorrhage in two patients There was as 
great a diastolic fluctuation in group 2 as in groups 1 and 3 
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It therefore cannot be denied that patients with e\en adianced 
essential hypei tension may, and usually do, ha\e maiked fluctuations 
in their diastolic blood pressure from \isit to visit The degiee of 
fluctuation depends to a ceitain extent on the numbei of observations 
made on the patient the more fiequent the obsenations, the gieatei 
the fluctuation recorded The loweimg effect on the diastolic blood 
pressure of sitting m a quiet loom also seems definite and, conveiseh, 
the elevating effect of excitement 

It also IS seen that in these obseivations no patient had a fixed, 
nonfluctuatiiig hypertension The systolic and diastolic blood pies- 
sures fluctuated m all cases, including the few with definite lenal in\olve- 
ment This suggests that, peihaps outside of some cases with extiemel}< 
advanced so-called malignant hypertension, practically all patients with 
essential hypertension have fluctuating blood piessures, and as much 
by proportion, m the diastolic as m the systolic blood piessuie 

CONCLUSIONS 

The diastolic blood piessuie in essential hypei tension, whenobseived 
frequently and over a sufficiently long peiiod, fluctuates over a wide 
range The percentage of fluctuation of the diastolic is as gieat as that 
of the systolic blood pressuie 
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CINCHOPHEN OXIDATION TEST OF THE FUNC- 
TION OF THE HEPATIC CELLS ' 

S S LICHTMAN, MD 

NEW ^ORK 

It IS the present consensus ^ that none of the cut i ent tests of the 
function of the liver deteimine accuiately the functional capacity of 
the organ as a whole The value of the more useful tests, such as 
the van den Bergh reaction, the icterus index and the Rosenthal test, 
IS vitiated by the piesence of obstructive jaundice even of slight degree, 
because these tests depend on the measurement of the capacity of 
the liver to excrete bihiubm oi bromsulphalein Yet m the piesence of 
marked obstructive jaundice, the nonexcietory functions of the liver 
may remain i datively undistuibed The more common of the so-called 
metabolic tests of the function of the liver, such as the determination 
of the tolerance foi galactose and levulose, unfoitunately do not give 
uniform results, and at best peimit only of qualitatne statements 

Theiefoie, a test that would determine moie accuratel}^ the degree 
of functional impairment of the hvei in disease must be one that is 
not mateiially influenced by distiii bailees in the excretory functions 
of the hvei With this criterion in mind, I have studied the metabolism 
of phenylciiichoninic acid, a substance known to act as a specific stimu- 
lant to the hepatic cells and to possess the pioperties of a “choleietic ” ^ 

Aftei the ingestion of cmchophen, a pioduct of oxidation identified 
as 2-(ortho-hydioxy)-phenyl-quinohne-4-carboxyhc acid appears in the 
urine® I have de\ised a simple coloiimetnc method foi the estima- 

Submitted for publication, Nov 13, 1930 

From the Laboratories and the Medical Department of the Mount Sinai 
Hospital, Service of Dr George Baehr 

1 Shattuck, H F , Brown, J C, and Preston, M P Clinical Value of 
Some Recent Tests for Liver Function, Am J M Sc 170 510 1925 Murphy, 
W P Biliary System Function Tests, Arch Int Med 37 797 (June) 1926, 
Boston M & S J 194 297, 1926 Piersol, G M , and Rothman, M M Practical 
Value of Liver Function Tests, J A M A 91 1768 (Dec 8) 1928 Cornell, V 
H The Bromsulphalein Hepatic Function Test, Arch Int Med 44 818 (Dec ) 
1929 Foley, E F The Clinical Value of Tests of Liver Function, Arch Int 
Med 45 302 (Feb) 1930 Mann, F C, and Bollman, J L Liver Function 
Tests, Arch Path 1 681 (May) 1926 

2 Brugsch, T , and Horsters, H Cholerese und Choleretica Ein Beitrag 
zur Physiologic der Galle, Ztschr f d ges exper Med 38 367, 1923, II Hypo- 
und Hypercholeresen, ibid 43 517, 1924, III Ueber die choleretische Wirkung 
von Chinolinderivaten, insbesondere der Atophanreihe, ibid 43 717, 1924 

3 Skorczewski, W , and Sohn, I Ueber einige im Atophanharne auftre- 
tende charackteristische Reaktionen, Wien khn Wchnschr 24 1700 (Dec ) 1911 
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tion of this compound in urine, which makes it possible to compare 
this phase of the metabolism of cmchophen m normal subjects and in 
those piesentmg definite or suspected evidence of hepatic dysfunction 
Obseivations with this method indicate that in disturbances of the hvei 
a laiger percentage of the ingested drug appears in the mine in the 
form of oxy-cinchophen ^ The slight oxidation of cmchophen to 
oxy-cinchophen is apparentl}^ earned on even by the diseased cells of 
the livei 

THE COLORIMETRIC ESTIMATION OF 2 (ORTHO HYDROXY) PHENYL 
QUINOLINE 4 CARBOXYLIC ACID IN URINE 

This method for estimating this substance in small quantities of 
urine was devised m ordei to replace the present laborious and less 
sensitive methods of chemical isolation® It is based on a characteiistic 
stable siskm-yellow coloi reaction® obtained when a few diops of 
urine containing oxy-cinchophen are added to concentrated hydiochloiic 
acid 

Pi cpai afion of Standaid Solutions — A stock solution of 0 2 per 
cent oxy-cmchophen m 5 per cent solution of sodium carbonate is 
prepared, from which aie made standard solutions ranging from 0 0002 
to 0 008 per cent oxy-cmchophen m concentrated ii on-free hydro- 
chloiic acid ® Such solutions, hermetically sealed m glass tubes approxi- 
mately 15 mm 111 diameter, have thus far not faded in a period of fifteen 
months 

4 In the text the substance 2- (ortho-hydroxy) -phenyl-quinoline-4-carboxyhc 
acid will be referred to as oxy-cinchophen for the sake of brevity 

5 Skorczewski, W , and Sohn, I Ueber das Verhalten des Atophans im 
Orgamsmus, Wien khn Wchnschr 25 593 (April) 1912, Stoffwechselversuche 
bei Atophandarreichung, Ztschr f exper Path u Therap 11 254, 1912 Dohrn, 
M Ueber das Verhalten des Atophans im Orgamsmus, Biochem Ztschr 43 240, 
1912 Rotter, L Zur Kenntnis des Atophans und einiger Atophan Denvate, 
Ztschr f exper Path u Therap 19 176, 1917 Furth, O , and Kuh, E Bio- 
chemical Studies on the Absorption of the Ethylester of Paramethylphenylcin- 
choninic acid (Tolysin) and its Fate m Metabolism I The Absorption of Tolysin 
from the Intestinal Tract, J Pharmacol & Exper Therap 38 57 (Jan ) 1930 

6 This color is described (footnote 3) as “Zeisig-Gelb ” The siskin (G 
Zeisig) IS a small sharp-billed, chiefly greenish and yellowish finch (Spinus spmus) 
found in the temperate zone m Europe and Asia, allied to the goldfinch 

7 A lot of 2- (ortho-hydroxy) -phenjd-qumoline-4-carboxylic acid was syn- 
thesized for me by the Calco Chemical Company, Boundbrook, N J It is an 
orange or yellowish powder, the melting point being 242 C , and it is insoluble in 
petroleum ether, onlj slightly soluble in water and benzene and alcohol and more 
soluble in ether and methyl alcohol 

8 Chemicalb pure concentrated hydrochloric acid containing traces or 
approximately 0 00005 per cent of iron may be employed for the test 
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Sensitivity of the Test — By this method oxy-cmchophen can be 
detected in a concentration of 1 500,000, or 0 0002 per cent In lesser 
concentrations, the reaction with concentrated hydiochloiic acid fails 
to give the characteristic yellow Solutions of 0 0002 per cent of 
oxy-cinchophen in distilled watei are colorless 

Colonmetuc Pioperhes of the Reaction — The intensity of color of 
oxy-cinchophen reacting with concentrated hydiochloiic acid was found 
to be directly proportional to the concentration of oxy-cmchophen m 
the lange studied, between 0 04 per cent and 0 0002 per cent This 
was established by compaiing seiial dilutions of oxy-cinchophen wnth 
permanent standard solutions The color reaches its maximum almost 
immediately, and it is stable to heat The intensity of coloi foimation 
IS governed by the concenti ation of hydrochloric acid A minimal 
concentration of 0 0002 per cent of oxy-cmchophen tails to react with 
less than 5 per cent of hydrochloric acid Dilutions of hydrochloric 
acid below 30 pei cent result m a slight loss of intensity of coloi 
Thus a maximum of 0 8 cc of urine may be added to a final volume 
of 5 cc of concentrated hydiochlonc acid wnthout loss of intensity of 
color due to the dilution of acid In this concentration of urine the 
acid suffices to bleach the uiochiomes so that they are not an interfering 
color factor 

Atypical Reactions — The chromogen identified by Hertei as mdo- 
lacetic acid,® which is piesent in many specimens of urine, yields 
uiorosein, a rose pink substance, when treated wnth mineial acid This 
color is unstable, and its foimation is accelerated by heat The excietion 
of this chromogen has been obseived to vary m fractional specimens 
of urine Sometimes it ceases to be excreted entiiel}'' When it is 
present, a mine obtained prior to the ingestion of cinchophen selves 
as a control Specimens of urine treated with concentrated hydrochloric 
acid may also give a carmine color 

The addition of bile to concenti ated hydrochloiic acid results in 
colors ranging fiom oiange to green, the transition being accelerated 
by heat When bile is present m urine, a specimen obtained piior to 
the intake of cinchophen serves as a control 

The presence of blood m the urine gives a faint yellow reaction 
probably due to the formation of acid-hematm This interferes with the 

9 Herter, C A On Indolacetic Acid as the Chromogen of the “Urorosem” 
of the Urine, J Biol Chem i 253, 1908 

9a Fearon, W R , and Thompson, A G The Urocarmine Reaction, 
Biochem J 24 1371, 1930 These authors apply the term urocarmine to a class 
of indogenide pigments obtained from the condensation of indoxyl with various 
phenols unsubstituted in the para-position They believe the urocarmine reaction 
to be more common than the urorosem reaction (Personal communication) 
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colorimetric determination of ox) -cinchophen Among se\eial hundicd 
tests, an interfering yellow color reaction, probably due to the foimation 
of the oxides of chlorine, was twice found in the contiol mine lief ore 
the ingestion of cinchophen In both instances, the interfering sub- 
stances were not present on subsequent days 

No atypical or interfering color leactions are encountered in mine 
after the administration of acet 3 dsalicylic acid, sodium salic}late oi the 
ethylester of paramethyl-phenylcmchoninic acid (neocinchophen) 

THE OPTIMUM TEST DOSE OF CINCHOPHEN 

When a test dose of 0 10 or 0 45 Gm of cinchophen is adminis- 
teied at mteivals of two days (table 1), the fi action excreted each 
time as oxy-cmchophen is fairly constant in normal and abnormal cases 
But when the dose of cinchophen is inci eased to 0 90 Gm , great vaiia- 


TArLF 1 — Detei mmation of the Opitmum Test Dose of Cinchophen Tal^: 
Repeated at Jvt rivals of Two Days 




Excretion of Oxy Cinchophen in Twenty-Four Hours, Mg 

Case 

Test No 

100 Mg Cinchophen 

450 Mg Cinchophen 

900 Mg Cinchophen 

1 

1 

9 

84 

154 


2 

11 

75 

140 

2 

1 

20 

90 

185 


2 

24 

87 

107 

3 

1 

10 

CO 

117 


2 

20 

65 

140 

4 

1 

30 

no 

158 


2 

28 

102 

307 

5 

1 

35 

150 

325 


2 

40 

178 

202 


bility in the lelative quantity of oxy-cmchophen excreted on the diffeient 
test days is observed in abnormal cases (cases 4 and 5) , therefore 
0 45 Gm of cinchophen has been adopted as the maximum test dose 
Table 2 illustiates the constancy of the excretion of oxy-cmchophen 
on repeated tests with this dose m five normal and ten abnormal patients 

FACTORS INFLUENCING QUANTITATIVE RESULTS 

111 Older to define the conditions of the test, a study was made of 
factors that might influence the oxidation of cinchophen and the excre- 
tion of oxy-cmchophen 

Body Weight — The oxidation of the test dose of cinchophen is 
independent of body weight within the range of from 44 to 90 Kg 
m a series of normal subjects (table 3) and within a range of from 
31 5 to 88 Kg m a series of abnormal subjects (tables 4 to 10) 

Diet — The excretion of oxy-cmchophen is not appreciably influ- 
enced by diet Some of the patients were observed while on a mixed 
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hospital diet, others were observed while on a diet high in carbohy- 
drates (500 Gm per day) Excessive intake of water may result in 
a diminished excretion of oxy-cinchophen piobably due to a decreased 
rate of absorption from the bowel 

Medication — Morphine and codeine, as well as cathaitics, seem to 
deciease the excretion of oxy-cinchophen, probably by interfering with 
the absoiption of cinchophen from the bowel The actions of insulin 
and epinephrine modify the results of the test , the formei by decreasing 
the excretion of oxy-cinchophen, the latter by sometimes increasing 
it The simultaneous admmistiation of sodium salicylate, acetylsalicylic 
acid 01 phenyl-ethyl-barbituric acid in therapeutic doses does not alter 
quantitative lesults 


Table 2 — Compai ison of Quantitative Results in Repeated Tests, Slandaid Oial 

Do'ie of 0 45 Gni 


Excretion of 
Bate of Oxy Omehophen 


Case 

Test No 

Test 

ia 24 Hr 

1 

1 

1/25/30 

31 


2 

2/ 7/30 

SO 

2 

1 

3/28/30 

76 


2 

1/10/30 

53 

3 

1 

2/20/30 

84 


2 

-i/11/30 

05 


g 

3/15/30 

08 


4 

8/17/30 

08 

4 

1 

2/19/30 

08 


2 

3/ 2/30 

36 

5 

1 

3/ 1/30 

75 


2 

3/ 7/30 

81 

6 

1 

4/30/30 

75 


2 

5/ 2/30 

84 

7 

1 

5/ 1/30 

110 


2 

5/ 2/30 

102 


Excretion of 
Bate of Oxj Omehophen 


Case 

Test No 

Test 

m 24 Hr , Mf, 

8 

1 

4/30/30 

150 


2 

5/ 2/30 

178 

0 

1 

1/27/30 

167 


2 

2/ 1/30 

120 

10 

1 

3/25/30 

154 


2 

3/28/80 

ISO 

11 

1 

2/13/30 

170 


2 

2/17/30 

192 


8 

2/23/30 

207 

12 

1 

5/13/30 

130 


2 

5/17/30 

103 

13 

1 

5/ 0/30 

or) 


2 

5/15/30 

0i)3 

14 

1 

2/14/30 

102 


2 

2/22/30 

176 

15 

1 

5/ 9/30 

118 


2 

5/17/80 

101 


Extiahepahe Disease — Maiked impaiiment of lenal function inter- 
feies with the excretion of oxy-cmchophen Lesser degiees of lenal 
impairment delay the excretion of oxy-cmchophen but do not appre- 
ciably influence the amount excieted over a period of twenty-four houis 
High intestinal obstiuction interferes with the absoiption of 
cinchophen Malnutiition of long standing inteifeies with the accuiacy 
of the test, possibly also because of diminished absorption of the 
drug Drainage of ascitic fluid thiough the wound of an external 
abdominal paracentesis results m a diminished excretion of oxy- 
cmchophen 

Body Tempei ature — The excretion of oxy-cmchophen bears no 
apparent relationship to the body teraperatuie at the time of the test 
(a range of from 98 to 104 2 F was studied — tables 4 to 9) 
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Routes of Admimstiahon — A comparison between the oial and 
the intramuscular routes of administration of cmchophen r\as made 
For the latter, a standard dose of 045 Gm of cmchophen sodium ^\as 
employed The mtramusculai method gave a largei excretion of ox}- 
cinchophen m seven of ten cases and a lessei excretion m thiee cases 
Repeated intramuscular tests on the same subject did not give unifoim 
results The inconsistency of the results obtained by the mtiamusculai 
route aie piobably due to an inconstant late of absorption fiom the 
site of injection 

Antemortem Detei minations — ^Tests made one, two or three da}s 
befoie death were usually found to give a definitely diminished excietion 
of oxy-cmchophen Under these conditions the normal as well as the 
markedly diseased cells of the liver ma}^ lose even the capacity to conrert 
cmchophen to oxy-cmchophen 

SITE OF OXIDATION OF CINCIIOPHEN 

It IS generally assumed that cmchophen is oxidized by the cells of 
the liver, although no adequate proof has been presented Rottei 
found no evidence of oxidation of cmchophen by the dog’s livei and 
suggested that the liver of animals was different in this respect fiom 
that of human beings In the present reseaich her work was lepeated 
with modifications, and negative results were also obtained 

These experiments consisted in testing coloi imetrically the filtiates 
of suspensions of cells of crushed muscle, lung, liver, kidney, spleen, 
heart and intestine of fleshly killed labbits that had been leceivmg 
mtiamusculai injections of cmchophen and were excreting oxy-cincho- 
phen at the time they were killed Similar suspensions of cells weie 
also incubated at 37 C and aeiated, after the addition, in vitro, of a 
buffered solution of cinchophen However, hemolyzed blood contained 
m the control filtrates of the lung and liver gave interfering color 
1 eactions 

Indirect evidence that the liver is the site of oxidation of cmchophen 
m human subjects was obtained by comparing the time of appeal ance 
and the concentiation of oxy-cmchophen m the mine and m bile obtained 
by transduodenal drainage Bile aspirated before the intramuscular 
administration of cmchophen served as a control The proceduie for 
the detection of oxy-cmchophen m bile is the same as that foi urine 
In four subjects observed, oxy-cmchophen appeared m the bile fiom 
one-half to one hour before it appeared m the urine In one instance 
it appealed m the bile at the end of one and a half houis, and m the 
other thiee subjects it appeared at the end of two hours In two 

10 Rotter (footnote 5, third reference) 
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instances it was found in the same concentration in the bile as in the 
urine and in the other two in highei concentiations in the bile It 
appears that oxy-cinchophen is excieted eailier in the bile than in urine 
and sometimes in higher concentrations 

Ox} -cinchophen could not be demonstrated by my method in the 
blood plasma following the standard dose given orally, although when 
It was added to blood plasma it could be detected in the same concentra- 
tions as in urine Therefore, there is no appreciable threshold of 
excretion of this substance 

Additional eiidence that the hvei cells are responsible for the 
conversion of cinchophen to oxy-cinchophen was obtained by the fol- 
lowing experiment In tivo rabbits under ether narcosis, all of the 
\essels to the livei and the common bile duct were clamped, and then 
2 cc of cinchophen sodium was given intravenously They survived 
two hours and did not shoiv the slightest trace of oxy-cinchophen in 
the urine Two control rabbits, similarly treated, save that in one 
the ressels to the li\ei w'ere not occluded, and m the other only the 
vessels to the left lobe were clamped, showed traces of oxy-cinchophen 
in the urine at the end of two hours 

HEPATOIOXIC ACTION OF CIKCIIOPIIEK 

Objection may be raised to the use of cinchophen as a test substance 
in patients with hepatic disorders m view of the recent reports of 
damage to the livei ascribed to its administration in therapeutic doses 
There is evidence, hoivever, that a single or even repeated standard 
test doses of 0 45 Gm are not toxic, even in the presence of severe 
damage of the liver Studies were made on a patient with degeneration 
of the hvei attributed to the ingestion some time before of approxi- 
mately 18 Gm of cinchophen in a period of eighteen days During 
the period of seiere jaundice, fever and droivsmess, with an icteric 
index of 100, the test showed an excretion of 375 mg of oxy-cinchophen 
on the test dose of 0 45 Gm , the maximum excretion thus far obtained 
in these studies One week later, with slight clinical improvement, tlie 
excretion was 353 mg in twenty-four hours , sixteen days later, with 
marked clinical impiovement, 141 mg As will be demonstrated in 
cases of disease of the liver, excretions above 300 mg signify severe 
damage of the liver Thus m this case ascribed to the hepatotoxic 
action of cinchophen, three doses of 0 45 Gm of this substance given 
at intervals of approximately a week had no toxic action and did not 

11 Reichle, H S Toxic Cirrhosis of Liver Due to Cinchophen, Arch Int 
Med 44 281 (Aug ) 1929 Rahinowitz, M A Atrophy of the Liver Due to 
Cinchophen Preparations, J A M A 95 1228 (Oct 25) 1930 
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delay clinical and functional lecovery Howevei, I do not advise the 
performance of the tests in this type of case 

Similar obseivations have been made in all the cases of disease of 
the liver that have been studied Thus far no instance of untowaid 
effects attributable to the cmchophen employed m the test has been 
encounteied When the distuibance of the li\ei is due to a relatively 
benign process, such as in the mild foims of so-called catairhal jaundice, 
resolution takes place simultaneously with the administration of repeated 
test doses of cmchophen In fact, in many instances a deciease in 
the intensity of the jaundice is noted on the day following the test, 
which may be due to the choleietic action of the diug 

Fuithei evidence of the nontoxicity of the test dose of cmchophen 
was obtained by a compaiison of the icteiic index before, during and 
aftei Its admmistiation Fotii patients were studied, of whom three 
had latent jaundice The fiist, with a normal index (4), showed no 
change duiing or after the admmistiation of two doses of 0 45 Gm , 
after the admmistiation of two fuither doses of 09 Gm each, the 
index was 5 and 6, respectively The second case (duodenal ulcer), 
with an initial icteiic index of 10, showed a slight rise to 12 after a 
single dose of 0 45 Gm Twenty-four houis aftei a total of 2 7 Gm 
of cmchophen had been gnen within seven days, the icteric index 
had dropped to 8 In the two remaining cases (pneumonia and 
cirrhosis of the liver) the initial indexes of 10 lose to 15 and 20, 
respectively, after the test dose, but a prompt retuin to indexes even 
below the original levels (5 and 9, respectively) was noted The tem- 
porary rises observed after the test dose may possibly be physiologic, 
for the same phenomenon has been obseived m noimal persons undei 
the stimulation of a test foi dextiose toleiance A similar slight tempo- 
rary increase m serum biliiubm followed by a rapid decline was noted 
by otheis following the administration of cmchophen m the treatment 
for catairhal jaundice and for icterus due to cystadenoma of the bile 
duct The prompt return to the oiigmal index following the adminis- 
tration of two test doses and two larger doses, 2 75 Gm of cmchophen 
in all, over a period of seven days encourages the belief that the excre- 
tory function of the liver is not impaiied by the procedure 

A study of the amino-acid content of the blood plasma m one 
normal patient and one abnormal patient before and immediately follow- 
ing a test dose of cmchophen levealed no change m the deamination 

12 Bernheim, A R The Significance of Variations of Bilirubinemia, Arch 
Path 1 747 (May) 1926 

13 Grunenberg, K, and Ullmann, H Atophan Wirkung bei Erkrankungen 
der Leber und der Gallenwege, Med Klin 20 663 (May 18) 1924 
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function of the liver The Folin colorimetric method was employed , 
the test was made in duplicate, and the aveiage results were recorded 
In the normal case, the ammo-acid nitiogen content of the blood was 
5 1 mg per hundred cubic centimeters before the administration of 
cinchophen and 5 afterwaid, m the abnoimal case, 6 35 mg before and 
4 9 after 

Experimentation on animals also failed to leveal any hepatotoxic 
eftect of cinchophen Six labbits weighing appi oximately 2 Kg each, 
receiving 0 45 Gm of cinchophen sodium intramuscularly daily over 
a period of three weeks, with oi without daily doses of 0 5 cc of 
epinephrine administered subcutaneously, maintained their appetite and 
weight and showed no gioss evidence of degeneration of the liver 
Only those that were staived showed some loss in weight The negative 
observations on animals, however, prove nothing regaiding the sus- 
ceptibility of human beings to cinchophen 

It IS of interest to note that the therapeutic use of cinchophen has 
been recommended in cases of hepatic disease with jaundice 

THE FATE OF CINCHOPHEN IN THE ORGANISM 

It was known to the original investigators of the actions of this 
drug that it is readily destroyed in the oiganism Following the 
administration of 3 Gm of cinchophen daily for three days to a human 
being, they found that approximately 5 5 per cent reappeared in the 
urine unchanged By improved chemical methods, the absorption of 
cinchophen from the bowel of the dog has been found to be practically 
a quantitative one The principal conversion product of the metabo- 
lism of cinchophen following large doses of the drug is 2- (ortho- 
hydroxy )-phenyl-quinoline-4-carboxylic acid (oxy-cmchophen) Rot- 
ter isolated in substance 0 2732, 1 515 and 1484 Gm , respectively, 
of this substance from the urine of three patients who had each ingested 
2 Gm of cinchophen in doses of 1 Gm , an hour apart Skorczewski 
and Sohn stated that following the prolonged administration of 

14 Fohn, O A New Colorimetric Method for the Determination of the 
Amino-Acid Nitrogen in Blood, J Biol Chem 51 377, 1922 

15 Umber, F , m Mohr, L , and Staehlin, R Erkrankungen der Leber 
Handbuch der innere Medizin, ed 2, Berlin, Julius Springer, 1926, p 1 Slobozianu, 
H Die Behandlung des Ikterus der Neugeborenen, Arch f Kinderh 77 58 
(Dec) 1925 

16 Nicolaier, A , and Dohrn, M Ueber die Wirkung von Chinolincarbon- 
saure und ihre Derivate auf die Ausscheidung der Harnsaure, Arch f klin Med 
93 331, 1908 

17 Furth and Kuh (footnote 5, fourth reference) 

17a Rotter, L Zur Kenntnis des Atophans und eimger Atophan Derivate, 
Ztschr f exper Path u Therap 19 176, 1917 

18 Skorczewski and Sohn (footnote 5, first reference) 
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cmchophen ox} -cmchoplien disappears fiom the urine Under such 
conditions, the catabolism of cmchophen is piobably altered 

The author compared the dail}'- excretion of oxy-cmchophen in 
the urine following the ingestion of 0 1 Gm of cmchophen, and 0 1 
Gm of oxy-cmchophen, respectively, m four noimal subjects and found 
that the excretion was approximate!} the same for both, the observa- 
tions were somewhat higher m all instances with the latter substance 
In three cases of disease of the liver, a comparison showed that there 
was an increase 'in the excietion of ox} -cmchophen following the 
ingestion of 0 1 Gm of oxy-cmchophen corresponding to that found 
following the ingestion of the same amount of cmchophen This 
would indicate that the increase m the excretion of oxy-cmchophen 
encountered m impairment of hepatic function is probably due to inter- 
ference in the catabolism of cmchophen be}ond the state of oxy-cmcho- 
phen The prehminar}^ slight oxidation of cmchophen to ox} -cmchophen 
IS apparent!} carried on even by the diseased cells of the liver 

CLINICAL APPLICATION OP THE TEST FOR HEPATIC FUNCTION 

CoIIccftou of Urine — ^The routine procedure for the performance of the test in 
hospital practice is as follows A routine specimen is obtained at 5 a m At 6 
a m , 0 45 Gm of cmchophen contained in a pharmaceutic gelatin capsule is 
administered to the patient The patient is given his usual diet, and only a mod- 
erate amount of fluids is allowed Fractional quantitative specimens are obtained 
at 10 a m,12a m,2p m,4p m,6p m,10p m, and all the urine ’between 10 
p m and 6am the following morning is saved as a final specimen Random 
\oidings are also saied When accurate measurement of the volumes of the 
fractional specimens can be depended on, only samples need be saved m ordinary 
test tubes During the test the patient should receive no morphine, codeine, insulin, 
epinephrine, cathartic or enema, or any medication that might affect the absorption 
or oxidation of cmchophen For the correct interpretation of the test it is essen- 
tial that the urine be collected quantitatively o\er the twenty-four hour period and 
that the patient receive and retain the standard dose Vomiting vitiates the 
results When the patient is unable to void at the specified hour, a statement to 
that effect is recorded The determination is best made on fractional specimens 
rather than on a pooled twenty-four hour specimen, because dilution may interfere 
with the detection of the substance 

Coloiwictnc Estimation of Oxy-Cinchophcn — If the urine contains bile or 
albumin, from 5 to 10 cc of each specimen is heated to boiling and filtered In 
the absence of bile or albumin, the samples need only to be filtered , 0 2 cc of each 
filtrate is then added to concentrated hydrochloric acid to make a total volume of 
5 cc , the mixture is shaken and brought to a boil If the 3 'ellow^ color of the 
reaction does not develop, 0 4, 0 6 or 0 8 cc , respectively, of urine is added to con- 
centrated hydrochloric, acid to make a final volume of 5 cc and similarh' treated 

19 For further oxidation products of cmchophen excreted m the urine, see 
Dohrn (footnote 5, second reference), or produced in vitro, see Bohm, R, and 
Bournot, K Ueber die Phen3d-chmolin-4-carbonsaure (Atophan) und ihre Oxv- 
dationsprodukte, Ber d deutsch chem Gesellsch 48 1570 (Sept ) 1915 
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The control urine, obtained at 5 a m , prior to the administration of cinchophen, 
IS treated identically 

It IS sometimes necessary to prepare several control tubes with the aforemen- 
tioned proportions of urine in order to match the test solution, 'owing to the fact 
that the concentrations of the mdolacetic acid or bile responsible for atypical reac- 
tions vary in the fractional specimens 

The heated mixtures are allowed to stand for approximately thirty minutes 
before reading by comparison with permanent standard solutions m a comparator 
block fitted for four tubes, approximately 15 mm in diameter, in two rows, and 
view^ed against diffuse daylight through ground glass The control is placed 
behind the standard solution and a tube of concentrated hydrochloric acid behind 
the test solution When a test solution directly matches an) of the standards, 
the control tube is not placed behind the standard In the presence of bile, better 
comparison of color is often obtained when only 0 1 cc of mine is added to a 
final volume of 5 cc of hydrochloric acid 

The presence of blood in the urine interferes wuth the test ownng to the devel- 
opment of the yellow color of acid-hematm when added to hydrochloric acid 

Calculation — The percentage of oxy-cinchophen determined colonmetncally 
represents the concentration of this substance in 01, 0 2, 0 4, 0 6 and 0 8 cc of 
urine, respectively, diluted to a final volume of 5 cc It must be multiplied by the 
respective dilutions, 50, 25, 12 5, 8 33 or 6 25 to obtain the percentage of ox)- 
cinchophen in the original urine The result for twenty-four hours is expressed 
m milligrams as well as m the percentage of the test dose excreted as oxy-cincho- 
phen This percentage is calculated on the basis of a theoretical conversion of 
450 mg of cinchophen into 480 mg of oxy-cinchophen 

Repetition of the Test — When the test is to be repeated for confirmation or m 
order to observe the progress of a case, it is advisable to allow at least one day 
between tests 

QUALITATIVE AND QUANTITATIVE STUDIES ON THE EXCRETION OF 
OXY-CINCHOPHEN IN SUBJECTS WITHOUT HEPATIC DYSFUNCTION 

The time of appearance and disappearance of oxy-cinchophen in the 
urine following the ingestion of a standaid dose of 0 45 Gm of cincho- 
phen was studied in twenty-five subjects over a ppnod of thirty-six 
hours Fractional specimens were collected every '"hour during thd 
hist six hours, every two hours m the next six hours, and single 
specimens at the end of eighteen, twenty-four, thirty and thirty-six 
hours, respectively Oxy-cinchophen appeared m the urine m the 
second or third hour Its excretion was completed m all cases by the 
twenty-fourth hour, m the majority of cases by the eighteenth hour 
and m many cases at the end of twelve hours In only two cases was 
a trace of oxy-cinchophen found m the mine voided at the end of 
twenty-four hours * 

The amount of oxy-cinchophen excreted m the urine after the 
ingestion of a standard dose of 0 45 Gm ^of cinchophen was determined 
m a series of fifty selected noimal patients (table 3) The quantities 
of oxy-cinchophen excreted over a period of twenty-four houis varied 
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Table 3 — ExaeUon of 0%y~Cinchophen %n Uune %n Tzventy-Fonr Homs in Fifty 
Selected Cases Without Hepatic Dysfunction, Test Dose of 0 45 Gm 
of Cinchophen, Rate of Excietion, Relation of Excietion 

to Body Weight 



Body 

Weight, 

Kg 

Oxy- 

Cmchophen 

m 

Kraetional 
Specimens, 
per Cent 

Excretion 

of Oxj Total Excretion of 
Cinohophcn Oxy Cinchophen 
in Second in 24 Hours 


Case 

Mg 

' Mg 

Per Cent 

Diagnosis 

1 

57 

0 OOSS 0 0250 

0 

53 

14 0 

Bronchopneumonn, bilateral con 
valescent 

2 

72 

0 0044 0 OOSS 

0 

88 

18 0 

Syphilis, stricture of rectum 

3 

7 

0 0025 0 0125 

5 

63 

13 0 

Chyluria 

4 

44 

0 0050 0 0250 

0 

81 

17 0 

Neoplasm of pharynx, pituitary 
gland and stomach 

5 

G5 

0 0040 0 0250 

0 

90 

19 0 

Polyarthritis (nonrheumatic) 

6 

52 

0 0025 0 0125 

45 

97 

20 0 

Mitral stenosis and msufBciency 

7 

85 

0 0044 0 0250 

13 

55 

11 0 

Obesity, hypertension 

8 

44 

0 0030 0 0200 

45 

88 

18 0 

Lobar pneumonia (convalescent), 
pulmonary tuberculosis 

9 

50 

0 0100 0 0175 

0 

84 

17 5 

Atherosclerotic heart disease 

10 

SO 

0 0025 0 0063 

9 

39 

12 0 

Bronchopneumonia (com alescent), 
hypertension 

11 

5G 

0 0023 0 0044 

0 

31 

6 5 

Secondary anemia 

12 

56 

0 0025 0 0250 

28 

90 

19 0 

Typhus feier (con\ alescent) 

13 

70 

0 0044 0 OOSS 

36 

68 

14 0 

Coronarj artery disease, paronjchia 

14 

55 

0 0025 0 0030 

24 

58 

12 0 

Subacute bacterial endocarditis 

15 

9 

0 0030 0 0125 

9 

70 

14 5 

Subacute bacterial endocarditis 

IG 

52 

0 0030 0 0125 

0 

57 

12 0 

Infectious arthritis, tonsillitis 

17 

S3 

0 0063 0 0123 

0 

71 

15 0 

Essential thrombocj topenic purpura 

IS 

53 

0 0030 0 0250 

0 

87 

ISO 

Mitral stenosis and insufficiency 

19 

57 

0 0023 0 0125 

0 

77 

16 0 

Erjthcma nodosum, tonsillitis 

20 

74 

0 0041 0 0125 

0 

47 

10 0 

Coronarj sclerosis 

21 

71 

0 0025 0 OOSS 

23 

88 

18 0 

Coronal 5 arterj thrombosis 

22 

77 

0 0023 0 0125 

0 

i44 

90 

Benign neoplasm of bronchus 

23 

59 

0 0030 0 0125 

26 

63 

13 0 

Hjpcrtcnsion, atherosclerosis 

24 

75 5 

0 0050 0 OOSS 

? 

7o 

15 0 

Meningococcemia, chronic arthritis 

25 

79 

0 OOSS 0 0173 

0 

13 

90 

Postoperative hernia 

26 

S9 

0 OOSS 0 0230 

0 

91 

19 0 

Obesity, hypertension 

27 

58 

0 0044 0 0250 

13 

82 

17 0 

Lobar pneumonia (com alescent) 

28 

61 

0 0044 0 0125 

24 

S5 

17 o 

Erythema nodosum 

29 

61 

0 0030 0 0300 

26 

so 

17 0 

Hj pertension, atherosclerosis 

30 

73 

0 0125 0 0125 

0 

47 

16 0 

Coronary artery thrombosis 

31 

76 

0 0025 0 OOSS 

IS 

00 

12 5 

Hypertension, diabetes 

32 

50 

0 0175 0 0500 

0 

00 

19 0 

Diabetes melhtus, coronary artery 
disease 

33 

? 

0 0125 0 0230 

0 

91 

10 0 

Sinus folloMing empyema of thorax 

34 

44 

0 0050 0 0125 

18 

61 

12 5 

Aortic msufflciencj , nasopharyngitis 

35 

60 

0 0063 0 0125 

0 

52 

11 0 

Secondary anemia 

36 

59 

0 0044 0 0300 

30 

60 

12 5 

Hyperthyroidism, h> pertension 

37 

66 

0 0016 0 0500 

0 

74 

15 5 

Delirium tremens, chronic alcoholism 

38 

50 

0 0030 0 0125 

24 

54 

11 0 

Hypertension, coronary artery dis 
ease, secondary anemia 

39 

90 

0 0040 0 OOSS 

16 

00 

12 5 

Syphilis, hematemesis 

40 

? 

0 0050 0 0250 

0 

64 

13 5 

Psychoneurosis 

41 

50 

0 0044 0 0050 

45 

90 

19 6 

Carcinoma of nasopharynx 

42 

50 

0 0030 0 0250 

0 

Cl 

12 5 

Secondary anemia 

43 

56' 

0 0025 0 0200 

23 

84 

17 5 

Coronary thrombosis 

44 

0 0025 0 0200 

0 

95 

20 0 

Gastric ulcer, hour glass stomach 

45 

. 51 

0 0030 0 0250 

24 

84 

17 5 

Perisigmoiditis 

46 

68 

0 0030 0 0030 

48 

78 

16 0 

Angina pectoris, herpes zoster 

47 

56 

0 0030 0 0375 

0 

79 

16 5 

Neurocirculatory asthenia 

48 

58 

0 0025 0 0125 

23 

84 

17 5 

Essential hypertension, herpes zoster 

49 

56 

0 0050 0 0000 

40 

53 

11 0 

Carcinoma of pharynx 

50 

60 

0 0050 0 0375 

0 

88 

18 0 

Acute aseptic lymphocytic meningitis 


no 
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between 30 and 100 mg, winch repiesents appi oxiinately fiom 7 to 
21 per cent of the test dose The concenti ation of oxy-cmchophen in 
fractional specimens of urine vaiied between 0 0013 and 0 025 pei 
cent (in four cases) In all but two cases the major amount was 
excreted in the fiist twelve houi peiiod In about one half of the 
cases there was no excretion of oxy-cinchophen in the second twelve 
hour period In one half of the lemaming cases less than one third 
of the total amount was excieted in the second twelve hour period 

QUALITATIVE AND QUANTITATIVE STUDIES ON THE EXCRETION OE 

OXY-CINCHOPHEN BY PATIENTS WITH HEPATIC DYSEUNCTION 

The amount of oxy-cmchophen excieted in the urine after the 
ingestion of a standard dose of 0 45 Gm of cmchophen was detei mined 
in a senes of 100 selected patients with hepatic dysfunction (tables 4 
to 10) The quantities of ox 3 '-cinchophen excieted ovei a peiiod of 
twenty-four houis vaiied between 100 and 375 mg, which lepiesents 
appi oximately fiom 21 to 78 pei cent of the test dose The concen- 
tration of oxy-cinchophen in fractional specimens of urine vaiied 
between 0 0013 and 01 per cent In nine instances a majoi amount 
was excreted in the second twelve hour period In slightly more 
than one half of the cases less than one thud of the total excietioii 
occurred m the second twelve hour period 

Compared to the series of normal patients, the patients with patho- 
logic conditions show a definitely greatei total excietion, at times a 
higher concentration in fractional specimens and a tendency to a more 
prolonged excietion of oxy-cmchophen 

Although oxy-cmchophen first appealed m the urine in the second 
rather than in the third hour more often m the pathologic cases than 
in the normal subjects, this observation was not proportional to the 
severity of the functional disturbance and seemed to be of no diagnostic 
import In two patients with mild functional distuibance, excretion was 
observed within the first hour 

The maximum excretion per hour both by noimal subjects and 
by persons with pathologic conditions occurred between the sixth to 
the tenth hour after the intake of cmchophen This coincides with 
the period following the midday meal and may be of physiologic signifi- 
cance 

When the piogiess of the disease seemed to be clinically stationaiy, 
repeated tests gave almost the same figures Whenevei the disturbance 
of function of the liver was clinically progiessive or regiessive, corie- 

20 Dr Leo Kessel and Dr Richard Lewisohn gave me permission to study 
some of these cases from their respective services 
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spending results weie usually obtained that gave a faiily accuiate 
indication of the increase in seventy oi of inipi ovement 

These observations indicate that the excretion of oxy-cinchophen 
after the admimsti ation of a test dose of 0 45 Gm of cinchophen may 
be used as an index of hepatic function The lesults of the test may 
be expiessed in milligrams excreted or in peicentage of the test dose 
excieted m the urine as oxy-cinchophen Thus an excietion of more 
than 100 mg , oi 21 per cent of the test dose, indicates disturbed 
‘ function of theTivei 

The results of the application of this test m various diseases and 
functional distui bailees of the liver will next be piesented 

DISEASE OF THE GALLBLADDER AND BILE PASSAGES 

The lesults tabulated in table 4 indicate that cases of acute and 
chionic inflammation of the gallbladder, with or without obstruction 
of the common duct due to stone oi stiicture, usually show lelatively 
slight distui bailee of the function of the liver, as manifested by figuies 
above 100 and less than 200 mg , or from 21 to 42 per cent The 
exceptions to the rule were the patient in case 3 (chionic cholecystitis 
and cholelithiasis) with a normal obseivation and the one in case 15 
111 which a man with a huge solitary stone of the common duct and 
slight fever showed excretions of 229 mg (47 5 pei cent) and 304 
mg (63 per cent) While the latter case gave no clinical indication 
of severe disturbance of the function of the hvei, the icteiic index 
was 50, and the bromsulphalem test showed 25 per cent retention in 
thirty minutes, thereby confirming the significance of the test 

The relief from biliary obstruction has a tendency to lowei the 
figures During the three to four weeks after operation that I have 
been able to follow up such cases, there usually has not been a return 
to noimal The presence or absence of fever does not seem to affect 
the results materially The presence of cholangeitis, at least of the 
larger bile ducts, does not appear to disturb this function of the liver cell 
to any great extent Cases 6 and 10, in which there was fevei up 
to 104 F , terminated fatally, and showed the presence of suppuiative 
cholangeitis post mortem, yet the test gave piactically the same results 
as m other cases of disease of the common duct not complicated by 
suppui ation 

CIRRHOSIS OF THE LIVER 

Thirteen cases of cirrhosis of the liver due to various causes were 
studied (table 5) Three gave normal results (cases 20, 21 and 22) 
Case 18 was that of a woman m whom acute damage of the liver 
developed following an alcoholic spree It is interesting that while 



Table 4-E^actton of Oxy-Cmchophen in Disease of the Gallbladde, and Bile Passages Test Dose of 0 45 Gm of Cinchopben, Rate of Exae- 

tion, Relation of Exci ction to Body IV eight and Tenipei atiu e 
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the jaundice was receding and the patient was apparently improving 
clinically, successive tests showed inci easing distuibance of the function 
of the liver Case 17 illustiates the value of the test in following the 
couise of pathologic changes The patient had a huge liver which on 
Diopsy showed hypeitiophic biliary cirrhosis Under observation the 
h-ver lapidly diminished in size until it was felt just below the costal 
margin The successive observations showed a rapid fall m excretion 
from 300 and 349 mg (62 5 and 73 per cent) to 113 mg (23 5 per 
cent) 

Results above 200 mg (42 per cent) of excretion in cases of 
cirrhosis of the liver seem to signify the piesence of acute degenerative 
changes, those between 150 mg (315 pei cent) and 200 mg (42 
pel cent) suggests mild or receding degenerative changes Normal 
results and figures below 150 mg (31 5 per cent) were obtained m 
cases that were clinically “quiescent ” 

No parallelism was noted between the quantitative results of the 
van den Beigh test, the icteiic index, the Rosenthal bromsulphalein 
test and the test with oxy-cinchophen in this group of cases The 
reason foi this piobably lies in the fact that the first thiee tests are 
influenced by biliary obstruction, wheieas the test with oxy-cinchophen 
IS influenced only bj' paienchymal disease or othei factors that disturb 
the function of the hepatic cells 

CATARRHAL JAUNDICE 

The gioup comprises fotii cases of painless jaundice occuiimg 
m patients with no antecedent histoiy indicative of disease of the liver 
or of the gallbladdei, with and without fevei and accompanied b) 
gastro-mtestinal distuibances such as \omiting and diarihea (table 6) 
The lesults w^ere the upper limit of noimal oi low abnoimal figures, 
well below 200 mg (42 per cent), such as aie usually found in chole- 
lithiasis and choledocholithiasis 

A significant obseriation is the sudden temjioraiy inciease in the 
excietion of oxj-cinchophen obseived in cases 31 and 32, suggesting 
transitory damage of the liver and a rapid leparative piocess An abso- 
lutely normal level was not reached, even when complete clinical lecoveiy 
had appaiently taken place Case 30 show^ed the jiiesence of tjaosme 
in the urine m a single examination by the tyi osmase method 

In case 33 studied piioi to a complete remission of the jaundice, 
the figuies w^ere onlv slightly elevated Twm months latei jaundice 
lectured, and the jiatient died Necropsy levealed subacute yellow 

21 Lichtman, S S , and Sobotka, H An Enzymatic Method for the Detec- 
tion and Estimation of T\rosine m Urine, J Biol Chem 85 261 (Dec ) 1929 
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atrophy of the liver Unfortunately, because of vomiting a satisfactory 
test was not made in the patient’s second admission to the hospital 

Although the figures foi the excietion of oxy-cmchophen in catarrhal 
jaundice are often only slightly above normal, the tiansitory character 
of the rise at one stage of the disease in two of the cases suggested 
the presence of true parenchymal degeneration, from which recovery 
vas apparently rapid The occurrence of pathologic changes of this 
nature in cases that are clinical examples of catarrhal jaundice has 
aheady been recognized 

“toxic HEPATITIS'”, HEPATOSIS, CHRONIC HEPATITIS, 
“CHOLANGEITIS LENTA’"’ 

In this group are included eight cases of diffuse inflammatory or 
degenerative disease of the liver, with or without jaundice, sometimes 
associated with fevei and chills and with or without enlargement of 
the liver In some cases the condition is referred to as acute or chronic 
hepatitis One is a case of so-called “cholangeitis lenta,” in which 
there pioved to be an inflammatory process involving the peiiportal 
fields in the vicinity of the bile ducts Others aie cases of “toxic 
hepatitis” or hepatosis due to intoxications with arsenicals, phenyl- 
cinchoninic acid or phenjl-ethjl barbituiic acid, etc (table 7) 

Case 35 is an unusual instance of icterus due to degeneration of 
the liver that followed repeated therapeutic intravenous infusions of 
hypertonic salt solution (thiombo-angiitis obliterans) This case was 
studied in the convalescent stage and even then showed an excretion 
of 302 mg , 01 63 per cent, with a rapid decline to 37 per cent in 
one week coincidental with impiovement Case 34 is an instance of 
icteius following the ingestion of approximately 18 Gm of cinchophen 
01 er a peiiod of eighteen days This case showed evidence of the 
greatest amount of disturbance of hepatic function in the entire series 
(375 mg , or 78 per cent) Case 39 was that of a man with lobar 
pneumonia with toxic jaundice following the ciisis In this case the 
result of the test indicated definite damage of the livei (236 mg , or 
49 pel cent) 

Case 41 is one of “cholangeitis lenta,” diagnosed by biops} , showing 
leukocytic infiltration of the peiipoital fields, especially aiotind the 
bile ducts, thickening of the stioma and the retention of bile within 
the hepatic cells, with no evidence of ciirhosis The excietion was 
233 mg (48 5 per cent), 218 mg (45 5 per cent) and 226 mg (47 
per cent) lespectnely, on three tests made ovei a period of a week 

22 Klemperer P Kilhan, N A , and Heyd, C G The Pathology of “Icterus 
Catarrhahs,” Arch Path 2 631 (Nov ) 1926 



Iable 7 — “Toxic Hepatitis” oi Hepatosis, Chionic Hepatitis, “Cholangeitis Lenta 
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In this group of cases of diffuse disease of the liver, results above 
200 mg (42 per cent) weie usually obtained In the nioie severe 
cases with diffuse parenchymal degeneration, readings above 300 mg 
(63 per cent) were observed 

CARCINOMA OF THE LIVER 

One case of primary endocellulai carcinoma of the liver and seven 
cases of metastatic carcinoma of the livei were studied (table 8) 

The primary tumor of the livei diagnosed by biopsy occuired in 
a boy, aged 18 (case 42) The initial test showed an excretion of 
295 mg (61 5 per cent) with a corresponding retention of biom- 
sulphalein of 50 per cent and a low icteric index of 20 During the 
succeeding thiee months, during which the patient received a course 
of radiotherap 3 L unfoitunatel}'^ he was not obseived The test now 
repeated showed a maiked decline in the excretion of oxy-cinchophen 
to 108 mg (22 5 per cent) or shghtl}'^ above normal with a coi respond- 
ing decrease in the letention of bromsulphalein to as low as 5 per 
cent in thirty minutes The general condition of the patient remained 
unchanged, but the slight jaundice almost disappeared in the interval 
between the tests 

In the cases of metastatic carcinoma, regaidless of their origin, 
the test gave results well below 200 mg At necropsy in case 43, it 
was observed that the right lobe of the liver was leplaced by a huge 
circular solid metastasis from a primary caicmoma of the hepatic 
flexure of the colon, the lemaining pait of In^er appealed normal The 
result in this case was 133 mg (27 5 per cent) 

It IS noteworthy that tests repeated at short inteivals may show a 
decline in the excretion of oxy-cinchophen, suggesting improved and 
even normal function The cholerectic action of the test dose may 
possibly account for the apparent improvement m the function of 
the liver 

CARCINOMA OF THE PAPILLA OF VATER 

Two cases of carcinoma of the papilla of Vatei weie studied (table 
9) Case 48, confirmed by biopsy, was studied thirteen months follow- 
ing the resection of an adenocarcinoma of the papilla of Vater Tests 
made before and aftei the establishment of diainage b}'^ secondary 
choledochostomy showed excretions of 294 mg (61 pei cent) and 
265-4-mg (55-}-per cent) , respectively, the latter figure being incomplete, 
owing to leakage of bile thiough surgical dressings The necropsy 
in this case showed degeneration of the liver 

In case 49 the diagnosis is not conclusive, as it rested on a palpatory 
laparotomy observation With only slight disturbance of the function 
of the liver, an excretion of 144 mg (30 per cent) and 122 mg (25 5 
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per cent) at the outset, the excretion increased rapidly in the course 
of a week up to 326 mg (68 per cent) Nine days after relief from 
the obstiuction by choledochostomy pei formed undei local anesthesia, 
the excietion was 133 mg (27 5 per cent), the result being incomplete 
owing to leakage of bile thiough the dressings The amount of oxy- 
cinchophen and cmchophen thus lost may have been considei able , it is 
( difficult to estimate 


CARCINOMA or THE PANCREAS 

Five cases of caicmoma of the pancreas were studied (table 9) 
In one, the diagnosis was confirmed by necropsy (case 52), in a second 
b}- laparotomy (case 54) and in the lemainmg three, the diagnosis 
was clinical In the first case the body and tail of the pancreas were 
involved, and the diagnosis was made before the appearance of jaundice, 
due to the piesence of hyperglycemia, and loentgen evidence of chronic 
duodenal stasis caused by carcinomatous involvement of the duodeno- 
jejunal angle Jaundice, which varied in intensity, was due to involve- 
ment of the lymph nodes of the porta hepatis and numerous small 
metastases m the liver A single test revealed an excretion of 247 mg 
(51 per cent) of oxy-cmchophen The remaining four cases, 50, 51, 
53 and 54 (case 54 was confiimed by laparotomy) were diagnosed as 
involving the head of the pancreas Except for case 51, which is 
incomplete due to loss of some urine with the stool, the readings varied 
between 247 mg (51 per cent) and 367 mg (76 5 per cent) 

The elevation in excretion of oxy-cmchophen above 200 mg may 
be present even before the appearance of jaundice The explanation 
of this degree of distuibance in hepatic function in carcinoma of the 
pancreas awaits further investigation Whether the chronic paitial 
obstruction of the common duct, the chemical changes in the duodenum 
due to the diminution or exclusion of pancreatic secretion, distuibance 
in the function of glycogen storage by the liver or actual pathologic 
changes m the liver, as have been obseived in dogs following pan- 
el eatectomy,-^ play a role is at present a matter for conjectuie 

Should these results be maintained in a laiger senes of cases, this 
test might aid m the differentiating jaundice due to stone in the 
common duct from that due to carcinoma of the panel eas 

HEPATIC DYSFUNCTION IN EXTRMIEPATIC DISEASE 

This gioup compiises foitj^-seven cases (table 10) , cases of duodenal 
ulcei, acute iheumatic fever, exophthalmic goiter, pulmonaiy disease, 

23 Allan, F N , Bowie, J D , Macleod, J JR, and Robinson, W L 
Behavior of Depancreatized Dogs Kept Alive with Insulin, Brit J Exper Path 
5 75, 1924 



Table 10 — ExUahepatic Diseases zvith Inci eased Excretion of Oxy-Cinchophen 


Excretion 
of Oxy Total 
Omcho Excretion of 




Tem 


phen in Oxy Oinchophen 




pera 


Second 

in 24 Hours 



Weight, 

ture, 

Date of 

12 Hr , r- 


^ ^ 


Case 

Kg 

E 

Test 

Mg 

Mg 

Per Cent 

Diagnosis 

55 

62 0 

98 6 

1/16 

0 

119 

25 0 

Duodenal ulcer 


63 0 

99 0 

2/ 3 

0 

102 

21 0 



60 0 

99 4 

2/15 

38 

153 

32 0 


56 

58 5 

99 0 

1/15 

40 

138 

28 5 

Duodenal ulcer, syphilis 

57 

5S0 

99 0 

5/ 1 

32 

110 

23 0 

Duodenal ulcer, syphilis 


58 0 

99 0 

5/ 3 

18 

102 

21 0 


58 

60 5 

99 6 

1/29 

0 

95 

20 0 

Acute rheumatic fever 


62 0 

99 8 

2/ 8 

41 

276 

57 5 



63 0 

99 0 

2/22 

17 

136 

28 5 


59 

72 0 

99 2 

1/27 

74 

167 

33 0 

Acute rheumatic fever (mitral and 


71 5 

99 2 

2/ 1 

16 

129 

27 0 

aortic disease) 


72 0 

99 4 

2/ 8 

16 

133 

27 5 


GO 

59 0 

98 6 

2/25 

38 

181 

37 5 

Acute rheumatic fever (mitral and 








aortic disease) 

01 

55 0 

99 4 

1/14 

63 

120 

26 0 

Acute rheumatic fever 

62 


101 0 

3/22 

41 

164 

34 0 

Lobar pneumonia, duodenal ulcer 

63 

57 0 

98 6 

1/20 

0 

212 

44 0 

Lobar pneumonia, duodenal ulcer 


57 0 

98 6 

1/25 

5 

119 

25 0 


64 

61 5 

99 6 

3/ 4 

65 

116 

24 0 

Lobar pneumonia, duodenal ulcer 


61 5 

99 6 

3/ 6 

77 

141 

29 5 


65 

410 

99 0 

4/16 

0 

104 

215 

Lobar pneumonia, duodenal ulcer 

66 

55 0 

99 8 

2/28 

0 

84 

17 5 

Bronchopneumonia, (interval of 








fever 100 4 E prior to second test) 

67 

68 0 

99 0 

4/30 

38 

216 

45 0 

Bronchopneumonia 


68 5 

99 0 

5/ 2 

0 

153 

32 0 


68 

64 0 

99 8 

3/19 

37 

174 

36 0 

Bronchopneumonia, mucous colitis 


62 5 

99 0 

4/ 1 

0 

113 

23 5 


GO 

88 0 

99 8 

1/28 

19 

162 

34 0 

Bronchopneumonia, bronchiectasis 


87 0 

100 0 

2/ 1 

23 

139 

29 0 



88 0 

99 8 

3/ 1 

13 

75 

15 5 



88 0 

99 6 

3/ 7 

0 

81 

17 0 


70 

70 5 

99 2 

2/20 

39 

120 

25 0 

Bronchiectasis 


70 5 

99 0 

6/ 1 

51 

150 

31 0 


71 

58 5 

99 0 

1/18 

O 

O 

185 

385 

Pulmonary tuberculosis 


63 0 

99 2 

1/27 

0 

85 

17 5 



64 0 

98 6 

2/ 5 

45 

142 

29 5 


72 

58 5 

98 6 

2/19 

95 

305 

63 5 

Pleurisy with elTusiou 


58 5 

98 6 

2/25 

0 

74 

15 5 

Tuberculosis 

73 

52 0 

99 4 

1/30 

30 

155 

32 5 

Miliary tuberculosis (pulmonarj), 








migraine 

74 

31 5 

101 4 

2/22 

0 

147 

30 5 

Tuberculosis of mediastinal Ijmph 








nodes 

75 

45 0 

100 4 

2/25 

12 

109 

22 5 

Neoplasm of left lung 

76 

65 0 

99 2 

2/27 

30 

119 

25 0 

Mitral stenosis and insulllciency 

77 

45 5 

99 2 

1/24 

25 

114 

23 5 

Chronic cardiovascular disease. 








mitral, aortic disease, auricular 








fibrillation, hydrothorax 

78 

63 0 

99 0 

1/17 

38 

107 

22 5 

Chronic cardiov ascular disease. 








mitral, tricuspid disease, hjdro 








thorax, ascites 

79 

55 0 

99 0 

1/21 

40 

117 

24 5 

Chronic cardiovascular disease 








mitral, aortic disease, spleno 








megaly 

80 

60 0 

103 8 

1/15 

0 

153 

32 0 

Subacute bacterial endocarditis 


60 0 

104 2 

1/21 

0 

158 

33 0 

Aortic insulllciency 

81 

57 0 

102 4 

1/23 

23 

126 

26 0 

Subacute bacterial endocarditis 








(healed) lupus crythcmatosis 

82 

65 0 

99 0 

2/14 

75 

162 

33 5 

Mitral stenosis and insulllciency 


65 0 

100 8 

2/22 

64 

176 

36 5 

Hepatosplenomegaly 

83 

44 0 

99 2 

2/ 8 

18 

134 

280 

Polycythemia vera 

84 

55 0 

98 6 

1/19 

0 

242 

50 0 

Polycythemia, splenomegaly 


55 0 

98 6 

2/17 

36 

131 

27 5 


85 

70 0 

98 6 

2/ 2 

14 

68 

14 0 

Polycythemia, hepatosplenomegaly 

86 

67 5 

99 6 

2/20 

28 

128 

26 5 

Hypertension, exophthalmic goiter 

87 

45 0 

99 0 

5/10 

so 

126 

26 0 

Hypertension 

88 

47 0 

99 2 

5/ 8 

45 

204 

42 5 

Exophthalmic goiter 

89 

87 5 

98 4 

2/14 

8 

146 

30 5 

Exophthalmic goiter 

90 

65 0 

99 S 

3/11 

? 

158 

33 0 

Left sciatic neuritis 

91 

610 

994 

2/26 

8 

174 

36 0 

Bronchial asthma 


60 0 

98 8 

3/ 8 

32 

111 

23 0 


92 

43 0 

97 8 

3/11 


139 

29 0 

Subsiding tonsillitis 

93 

? 


2/18 

0 

108 

22 5 

Multiple carcinomas of the bone 


(biopsy) 



Table 10 — ExUahcpatic Diseases zvitb Incieased Exciefion of Oxy-Cinchophen 

— Continued 


Excretion 
of Oxy Total 
Cmclio Excretion of 


Ten phen in Oxy Cinehophen 

pera Second m 24 Hours 

tnro nf 19 TTr . — . — — ^ 



Weight, 

ture. 

Date of 

12 Hr , 

1 t *■ 

_A , 


Case 

Kg 

E 

Test 

Mg 

Mg 

Per Cent 

Diagnosis 

94 

52 0 

99 4 

2/18 

0 

128 

26 5 

Multiple carcinomas of the bone 






(biopsy) 

95 

48 0 

102 0 

2/20 

45 

150 

31 0 

Chronic lymphatic leukemia, Hodg 







km’s disease (necropsy) 

90 

50 0 

100 4 

4/30 

53 

150 

310 

Erythema multiforme 


53 5 

99 4 

5/ 2 

105 

178 

37 0 


97 

67 0 

98 6 

4/10 

0 

135 

32 5 

Pararectal disease, myocardial 






insufiBciency 

98 

05 0 

990 

2/ 3 

0 

49 

10 5 

Penetrating gastric ulcer (roentgen 


05 0 

99 0 

2/ 6 

0 

104 

21 5 

examination) 

99 

57 0 

1010 

1/28 

46 

110 

23 0 

Miliary carcinosis of lung 

100 

57 0 

09 4 

1/18 

45 

200 

43 0 

Ulcerocarcinoma of stomach, bron 


chopneutnonia (necropsy) 


chioiiic heait failure and a miscellaneous gioup are included Cases 
of this type may show noimal leadings In those with abnoimal 
readings, the excretion of oxy-cmchophen is as a lule less than 200 mg 
(42 per cent) Exceptionally, isolated leadings as high as 300 mg 
(63 pel cent) occur m pneumonia, pleuiisy with effusion and tuberculo- 
sis The absence of frank jaundice m these cases indicates that moder- 
ate or even severe distuibance may occui in the metabolic functions of 
the liver without material disturbance in the excretion of bile 


COMMENT 

A lelatively constant excietion of oxy-cmchophen in the urine 
occurs with repeated test doses of cinehophen (0 45 Gm ) in the same 
normal subject In patients with hepatic dysfunction, a highei excretion 
of oxy-cmchophen follows the ingestion of the test dose Under uniform 
conditions in the same patient, this excretion is also constant After 
a laiger dose (0 9 Gm ), however, the patient with hepatic dysfunction 
excretes a variable, sometimes lower, sometimes higliei, percentage 
of the dose as oxy-cmchophen 

If a small dose (0 1 Gm ) of oxy-cmchophen is fed to persons 
with normal and to those with abnormal function of the liver, only a 
fraction of it reappears in the urine, appi oximately the same amount 
as when an equal dose (0 1 Gm ) of cinehophen had been administered 

The clinical observations indicate a certain parallelism between the 
total excretion of oxy-cmchophen and the degree of damage to the liver 
The following theoretical basis for these observations is suggested 
The constant excretion of oxy-cmchophen following repeated test doses 
of 0 45 Gm , given orally, and also the laiger dose (0 9 Gm ) of 
cinehophen m the same normal subject depends on a uniform late of 
absorption and a constant metabolic rate for cinehophen m the liver 
With these doses a relatively constant amount of cinehophen is con- 
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verted to oxy-cinchophen and the remamdei disposed of in some other 
mannei (excieted as cinchophen, oxypyiidinunc acid/'’ etc ) With 
a laigei dose of cinchophen (0 9 Gm ), the abnormal liver cannot 
maintain this constant metabolic rate, laiger fractions of the ingested 
dose fail to be metabolized beyond the stage of oxy-cinchophen, and 
therefoie laiger amounts of this oxidation product appear in the urine 
Thus oxy-cinchophen piobably represents an inteimediary product 
in the destruction of cinchophen by the liver The abnormal cells of 
the liver convert cinchophen to oxy-cinchophen, but the subsequent 
catabolism of this substance proceeds at a slower late and to a lesser 
degree With inci easing disturbance of the function of the cells of 
the liver, larger and larger fractions of the standard dose are conse- 
quently eliminated in the mine as oxy-cinchophen 

It has been contended that because of the manifold functions of 
the livei and the great reserve of liver tissue, a test of any single 
function cannot be used as an index of function of the organ as a 
whole My test, howevei, depends on a metabolic function of the liver 
that appal entl}- is among the first to be disturbed and moreover is 
apparently disturbed in proportion to the extent and seventy of the 
disease Therefore, I believe that it ofters the possibility of a quantita- 
tive index of the extent of damage or dysfunction of the cells of the 
liver 

The present test is not to be considered a tolerance test for cmcho- 
phen, since the excretion of one of its metabolic conversion products, 
and not of the unaltered substance, is measured 

The interpi etation of the results of the test is based on a series 
of appioximately fifty cases of disease of the liver and the gallbladder 
and fift} of nonhepatic disease in which evidence of hepatic dysfunction 
was obtained The diagnostic possibilities of the test as indicated in 
the discussion of the different gioups of cases must be further applied 
in a laiger senes of caiefully studied cases to determine its clinical 
value 

SUMMARY 

A piactical, simple and extiemely sensitive coloiimetric method foi 
the estimation of 2- ( ortho-hydroxy-phenyl )-qumolme-4-caiboxyhc acid 
(oxy-cinchophen) is desciibed, based on the charactei istic Skorczewski- 
Sohn color leaction and leveahng this substance in dilutions of OO0O2 
per cent 

This test for the function of the liver is based on the estimation of 
the twenty-four hour excietion of oxy-cinchophen in the urine following 
the ingestion of a standard dose of 0 45 Gm of cinchophen In a 
gioup of fifty subjects without hepatic dysfunction, fiom 30 to 100 
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mg , 01 from 7 to 21 per cent, of the test dose, was excreted as oxy- 
cmchoplien 

The increase in excretion of ox>-cinchophen m the urine may be 
useful as a quantitative index of an altered metabolism of the cells 
of the liver whereb}^ they have lost their capacity to decompose this 
substance further 

Biliary stasis or obstruction per se does not mateiially influence 
the results of the test, at least not early m the disease 

The ingestion of a standard test dose of 0 45 Gm of cinchophen 
has not elicited any hepatotoxic effects 

A limited clinical experience with the test suggests ceitam diagnostic 
opportunities The results indicate that m biliary obstruction due to 
stone or stricture and in metastatic carcinoma of the liver the daily 
excretion of oxy-cmchophen is usually less than 200 mg (42 per cent) , 
while in diffuse degenerative and acute inflammatory lesions involving 
the parenchyma of the liver more than 200 mg is excreted in twenty- 
four hours In cirrhosis of the liver the results may be normal or 
below 200 mg in the chronic stage and above 200 mg only when an 
acute or subacute degeneration of the liver is superimposed In catar- 
rhal jaundice the results are usually below 200 mg with an occasional 
sharp increase on repeated tests In carcinoma of the pancreas a 
persistent increase above 200 mg has thus far been obtained 

In extrahepatic diseases, such as chronic heart failure, duodenal 
ulcer, exophthalmic goiter, acute rheumatic fever and pneumonia, there 
IS sometimes an increase in the excretion of oxy-cmchophen 



PHYSOSTIGMINE SALICYLATE IN THE TREATMENT 
OF EXOPHTHALMIC GOITER 

OBSERVATIONS ON TWO HUNDRED CASES *' 

ISRAEL BRAM, MD 

PHILADrLPHIA 

It can safely be assumed that inespective of the foim of treatment 
advocated or adopted foi suffereis fiom exophthalmic goiter, the upper- 
most immediate aim of the physician is a reduction of the heart rate 
to normal Many clinical facts justify this aim The heait heais the 
brunt of the damage wrought by the intensity and duiation of exoph- 
thalmic goiter, and cardiac failure is the usual cause of death The 
height of the heait rate and the output of blood usually parallel the 
severity of the other manifestations of the disease, likewise, ameliora- 
tion of symptoms oi recovery of the patient is announced by a calming 
of the heart rate and foice Indeed, so constantly is a significant 
behavior of the heart associated with the varjing phases of this syn- 
drome that the heart’s action may be regarded as a most reliable 
cnteiion of the couise of the disease during crisis, remission or lecovery 
as the case may be ’■ 

DIGITALIS IN TREATMENT 

The tachycardia of exophthalmic goitei is chaiactenzed by features 
that in combination assist considerably in its diagnosis These are (a) 
its afebiile character, {b) its association with a high basal metabolic 
rate, (c) its chionicity, being weeks, months or years in duiation, 
(d) Its constancy, being but little altered by lest or sleep, and (e) its 
resistance to the influence of digitalis even in large doses 

Personal (unpublished) observations conducted on a series of 100 
cases ten years ago levealed that digitalis may be of benefit in exoph- 
thalmic goiter in approximately 50 per cent of the cases only under 
the following conditions (1) in combination with qumidine sulphate 
m efforts at restoration of ihythm in a fibnllating heait, (2) during 
approaching or actual remission, (3) during impending or actual cii- 
culatory decompensation, and (4) when in the favoiable course of the 
disease improvement in the condition of the heait lags behind obvious 

^ Submitted for publication, Nov 19, 1930 

1 This exception must be noted In spontaneous or induced mvxedoma com- 
plicating or modifying the disease, the heart rate may be normal or below without 
recovery of the patient, since circulatory calm may mask a residual or potentially 
active Graves’ syndrome 
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improvement elsewhere, in other words, when iindei successful tieat- 
ment, the basal metabolic rate, weight, sense of well-being and other 
clinical evidences point to impending lecovery, but the lieait late, 
piobably from force of habit of the tissues, is still 80 or over, the 
admimsti ation of digitalis may succeed in its purpose In those obsei \ a- 
tions we sought to evaluate the effects of digitalis on the tach)cardia 
of active, pieviously untreated cases of exophthalmic goitei and found 
the diug practically valueless as far as the heait rate was concerned 
In 10 of the series of 100 patients the dose of the standard tinctme 
of digitalis was increased to 1 drachm three times a day for a peiiod of 
three weeks with no discernible lowering of the heait late Indeed, 
m 3 of these patients, theie resulted an increase m the heart’s excita- 
bility In 5 of the 10 patients, the dosage was increased to 2 diachms 
three times a day for an added week This aggravated the entire 
s^mdrome It appears that the drug created a soit of vicious ciicle, 
namely, it engendered digestive disturbances and an aggravation of 
the syndrome, and this in turn increased the heart’s late 

These comments aie applicable also to the various dernatives of 
digitalis and to the commonly employed “heart stimulants,” including 
strophanthus, convallaiia root and spaiteme Our observations of a 
decade ago included the use of practically all of the popular drugs 
for the action of the heart, and the conclusion diawn was that as fai 
as the tachycardia of active exophthalmic goiter was concerned, the 
use of these substances was without tangible benefit 

It IS evident that success m the treatment of tachycardia m exoph- 
thalmic goiter may be expected only when measures are diiected toward 
the cause of cardiac excitability Whether this rests primarily m an 
excess of thyroid hormone m the blood is still a moot question related 
to the controversial problem of whethei exophthalmic goiter and toxic 
adenoma are different manifestations of the same disease With regard 
to the direct or immediate cause of excessive cardiac activity, the con- 
sensus points to an overactivity of the cardiac accelerator nen^es issuing 
from the sympathetic nervous system The tachycardia appeals to be 
the result of a dominating sympatheticotonia, over which the checking 
influence of the vagus nerve is insufficient to maintain a normal heait 
rate 

It IS, therefore, reasonable to assume that any measure capable of 
alleviating sympatheticotonia either directly or by stimulation of the 
vagus nerve or both could rightly claim an impoitant place m the 
treatment of exophthalmic goiter Also it appears reasonable to infer 
that such a measuie could favorably influence other sympatheticotonic 
evidences as exophthalmos and the intestinal sluggishness obsened m 
a percentage of cases 
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PHYSOSTIGMINE SALICYLATE VERSUS SYMPATHETICOTONIA 

Our observations during a period of one year (ending June, 1930) 
in a series of 200 cases of active exophthalmic goiter indicate that 
physostigmine is a remedy largely conforming with the requirements 
mentioned While the literature on the subject is rather meager, yet 
occasional mention is made of the benefit derived from the administra- 
tion of this diug in cases of tachycardia with and without involvement 
of the thyroid Among the contributors are Mougeot,“ Lian and Welti,^ 
Moutier,^ de Meyei and Plitman and Ender ” 

According to Cohen and Githens,'^ physostigmine exerts its action 
chiefly on the autonomic nervous system, slowing the heart by a stimu- 
lating influence on the cardiac endings of the vagus nerve There is 
also evidence to indicate that physostigmine exerts a depressing effect 
on the cardiac accelerator fibers issuing from the sympathetic nervous 
system In our series of observations, physostigmine reduced the 
force and late of the heart’s action in approximately 73 per cent of the 
cases, with resultant improvement in subjective and objective symptoms 
Moreover, this drug exerts a beneficial influence on exophthalmos and 
overcomes defective intestinal elimination So valuable a substance 
did we find physostigmine to be that it is felt that its use should become 
widespread as an important constituent in the armamentarium of all 
clinicians who have patients of this soit under their care Theoretically, 
it would appear that a reduction of heart rate and force would reduce 
the vascularity and size of the thyroid gland and consequently the 
excitability of this organ This actually occurred in quite a few cases 
in this series 

CLINICAL FEATURES IN THE TWO HUNDRED CASES OE EXOPH- 
THALMIC GOITER IN WHICH PHYSOSTIGMINE SALICYLATE 

WAS employed 

The age of the patients ranged from 7 to 64 yeais, with an average 
of 31 years There were 142 females, or 71 per cent, and 58 males, 
or 29 per cent The duration of the illness, as stated by the patients 

2 Mougeot, J Physostigmine Test in Cardiology, Bull et mem Soc med 
d hop de Pans 45 512, 1921 

3 Lian, C , and Welti H Treatment of Tachycardia, Bull et mem Soc 
med d hop de Pans 45 559, 1921 

4 Moutier, F Eserine in Internal Therapeutics, Pans med 11 453, 1921 

5 de Meyer, J Intermittent Acceleration of Sinus Rhythm, Arch d mal 
du coeur 15 265, 1922 

6 Plitman, M , and Ender, S Reinforcement of Physostigmine by Serum 
Through Action of Thyroid, Ztschr f d ges exper Med 57 361, 1927 

7 Cohen, S S , and Githens, T S Pharmacotherapeutics, New York, D 
Appleton & Company, 1928, p 1780 and 1782 
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when first observed, varied fiom four weeks to twenty years, vith an 
aveiage of fifteen months The basal metabolic late ranged from +14 
to +82 per cent, the average being +46 per cent The heart late varied 
in different patients from 82 to 180 a minute, with an average of 106 
Arrhythmia and auricular fibrillation were present m 36 cases, oi 18 
per cent Exophthalmos m varying degiee was present m 134 cases, 
or 67 per cent 

The treatment employed by the patients prior to coming under 
our attention varied Fourteen, or 7 per cent, had had thyroidectomy 
perfoimed with little or no relief, 26, or 13 2 per cent, had undeigone 
roentgen or ladium therapy without marked benefit, 116, or 58 per 
cent, had received vaiious forms of medical attention, particularly the 
administration of iodine and rest cuies, and 44, or 22 per cent, had 
received no previous attention whatever 

It may be added that m the selection of these cases reasonable care 
was exeicised to exclude patients presenting a dominating vagotonic 
symptomatology with a relatively slow heart rate The patients selected 
for the use of physostigmme were dominantly of the sympatheticotonic 
type 

DOSAGE AND CONTRAINDICATIONS 

The dosage of physostigmme employed varied between 1/60 and 
1/30 gram (1 and 2 mg ) three times a day, depending on the weight 
of the patient In the majority of instances the dosage of 1/30 gram 
three times a day was employed m patients weighing approximatel> 
120 pounds (54 4 Kg ) or more In those weighing less and m childien, 
the dosage was correspondingly smaller While it is recognized that 
this dosage of physostigmme salicylate is considerably in excess of the 
arbitrary dose, it was discovered m this series that smaller doses weie 
scarcely capable of influencing the patient’s symptomatology, and that 
the dosage employed was almost invariably well tolerated 

Physostigmme was administered in each case for a period of ten 
weeks At the termination of this peiiod most patients had recened 
the maximum benefit fiom the diug, and it was discontinued In those 
who did not show benefit from its use within thiee or four weeks, 
the drug was withdrawn 

While theoietically such symptoms as diarrhea and sweating would 
seem to deter the administration of physostigmme, such was larely 
the case in this series In only five cases was it necessaiy to discontinue 
the drug because of diarrhea Indeed, in the majoiity of patients pre- 
senting diarrhea as a marked symptom physostigmme, b}^ viitue of its 
potentiality for general improvement in circulatory and sequentially 
m nervous excitability, impioved the intestinal function Heie we must 
not overlook the cases of apparent intestinal excitability resulting from 
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retention of or irritation by intestinal contents In such patients, diar- 
rhea was improved because of the better elimination of intestinal lesidue 
In no instance was it necessaiy to withhold oi withdraw physostigmine 
because of excessive sweating It appears that the circulatory stabiliza- 
tion following the administration of physostigmine is largely the cor- 
rective of cutaneous symptoms of exophthalmic goiter 

COURSE OF THE DISEASE UNDER TREATMENT WITH PHYSOSTIGMINE 

On the firm conviction that no single measure is capable of effecting 
satisfactory relief from exophthalmic goiter, these patients were also 
subjected to such additional measures as a high caloric diet of minimal 
animal protein content, a rest cure involving a stay in bed of from 
ten to fourteen hours (depending on the seventy of the case) , the 
administration of quinine or quinidine and an occasional medicament 
to overcome insomnia, digestive disturbances and other symptoms from 
time to time requiring attention, the correction of infectious foci 
wherever possible, and finally, the application of practical psychotherapy 
which in occasional instances extended to relatives or friends interested 
in the patient’s welfare 

With a view to checking up the benefit assignable to the administra- 
tion of physostigmine alone, the records of another 100 cases of 
exophthalmic goiter m which no physostigmine was given were studied 
as contiols These patients were otherwise managed in exactly the same 
mannei as weie those to whom physostigmine was administered It was 
found that in patients receiving the drug the results obtained, particularly 
those referable to the heart, occurred several weeks before tangible 
improvement m patients not receiving physostigmine, and the tendency 
towaid the cyclic flaring up of symptoms or crises (eithei spontaneous 
or induced by psychic trauma) was decidedly less frequent 

Primarily the object of the administration of physostigmine was 
the lowering of the heait rate Not alone was this accomplished m 
146 cases, or 73 per cent, of this senes, but in the majority, the force 
of the heart’s action was i educed to the extent of the total elimination 
of subjective complaints refeiable to the precordium Commonl) the 
patient would remark that the thumping of the heart against the ribs 
and the consciousness of the heart’s action had disappeared 

In patients suffering with auiicular fibrillation, physostigmine alone 
seemed more efficacious than quinidine alone, but the combination of 
physostigmine and quinidine was very efficacious in the control of 
cardiac excitability and the restoration of rhythm The combination 
of physostigmine salicylate, 1/30 gram, and quinidine sulphate, 5 grains 
(0 324 Gm ), three times a day, was employed 
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Irrespective of the form of treatment adopted m exophthalmic goitei, 
improvement m exophthalmos is generally observed to be tardy Even 
under expert thyroidectomy not only does exophthalmos persist m a 
large percentage of cases, but m some patients with exophthalmic goiter 
without exophthalmos this symptom develops postoperatively ® At best, 
improvement m exophthalmos is among the last events in the clearing 
up of the syndrome, and in many patients the eyes never become 
normal A measure to improve exophthalmos m a more or less specific 
fashion has been the crying need through the years In view of the 
results observed in this series of patients, it is felt that the administra- 
tion of physostigmme is the closest approach to such a measure The 
results were gratifying in many instances The eyes of patients under 
treatment with physostigmme are apt to improve simultaneously with 
manifest improvement elsewhere, and a good percentage of patients 
with and without a history of thyroidectomy suffering with residual 
exophthalmos of years’ duration has been greatly benefited or com- 
pletely relieved of this distressing symptom 

VARIABLES IN RESULTS OF THE ADMINISTRATION OF PHYSOSTIGMINE 

The patients who were benefited to the greatest degree by the admin- 
istration of physostigmme may be classified under six headings (1) the 
extremes of age, i e, patients under 14 and above 50, (2) those 
approaching remission after having had one or more crises, (3) suf- 
ferers from this disease over a period of four or more years, i e , the 
chronic or protracted forms of exophthalmic goiter , (4) those pre- 
senting a basal metabolic rate of less than -|-40 per cent, (5) those 
presenting extreme exophthalmos, and (6) those presenting cardiac 
arrhythmia, especially auricular fibrillation 

On the other hand, patients who were least benefited by the admin- 
istration of physostigmme were young adults presenting a basal 
metabolic rate of -1-40 per cent or higher and those who were obviously 
m crisis associated with rather marked cerebral excitation However, 
the use of this drug was generally productive of good results when 
the crisis was passed 

END-RESULTS 

Since statistical records of subjects with exophthalmic goiter would 
of necessity require the personal following up of those dubbed “cured” 
or “recovered” for a minimum of from three to five years, it is not m 
the scope of this paper to discuss the matter of end-results in this 
series of patients This series has not been observed for a time of 

8 Zimmerman, L M Exophthalmos Following Operations for the Relief 
of Hyperthyroidism, Am J M Sc 178 92, 1929 
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sufficient length to permit of statements pertaining to end-results In 
98 patients, or 49 pei cent, the pulse rate has remained normal and 
there is ?. maintenance of the general improvement to date From 
present indications it appears likely that at the termination of a follow-up 
period of sufficient duration, the statistical lecords will compare favor- 
ably with those proceeding from other modes of treatment in the 
management of these patients This will be the subject of another 
contribution in the course of time 

SUMMARY AND CONCLUSIONS 

1 The lesults of the admmistiation of physostigmine for a period 
of ten weeks m 200 cases of active exophthalmic goiter are discussed 

2 In ninety-eight, oi 49 per cent, the benefit obtained was highly 
encouraging and may be lasting, m forty-eight, or 24 per cent, the 
benefit was transient though tangible, and m the remaining fifty-four, 
or 27 per cent, no benefit was discerned 

3 Excepting in five patients suffeiing from persistent diarrhea, no 
contraindications oi untoward lesults weie noted fiom the adminis- 
tration of physostigmine salicylate in doses corresponding to 1/30 gram 
three times a day in adults 

4 The most satisfactoi} lesults were noted (1) in the exti ernes 
of age, 1 e , 111 patients undei 14 and above 50, (2) m those approaching 
remission aftei haiing had one oi mote ciises, (3) in suffeieis fiom 
this disease o'vei a peiiod of four oi more }eais, i e, the chronic or 
piotracted forms of exophthalmic goitei , (4) m those piesentmg a 
basal metabolic late of less than -{-40 per cent, (5) in those presenting 
extieme exophthalmos, and (6) in those presenting caidiac arih}thmia, 
especially aunculai fibrillation 

5 The improvement in the behavior of the heait was the fiist eftect 
noted A reduction in late and force of the heart’s action was followed 
b)^ impiovemeiit in the basal metabolic late and all subjective and 
objective manifestations of the disease 

6 Improvement m exophthalmos in many instances of chronic and 
stubborn cases was veiy gratifying In a few cases of postopeiative 
lecuirence with excessi-ve exophthalmos, phj sostigmine was particulaily 
satisfactory m lesults 

7 From the obseivations heiem noted it appeals that physostigmine 
deseives high legard in the management of exophthalmic goiter 

1633 Spruce Street 
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In 1 ecent years it has become more and more cei tarn that the increase 
in the circulation of young red blood cells, which contain reticulai sub- 
stance when supravi tally stained, is indicative of increased erythropoie- 
sis Clinical proof of this has been obtained by innumerable examples 
of the production of reticulocyte crises in response to various thera- 
peutic procedures, and notably in cases of pernicious anemia following 
the institution of hvei thei apy, first described by Minot and Murphy ’• 
As the importance of these young cells becomes more evident, the nature 
and behavior of the reticular or basophilic substance contained within 
them are arousing an increasing amount of interest This basophilic 
substance in erythrocytes, closely related to the maturation of these cells, 
may well be a type of substance present in many other cells, and indeed 
may prove to be important in the elucidation of many clinical problems, 
notably those concerned with neoplastic diseases The red blood cell, 
because of its clear cytoplasm, lends itself to ease of study of visible 
inclusions, the obseivation of which in other cells is hindered by their 
more complicated structure 

Although much lemains to be learned about the basophilic substance 
piesent in reticulocytes, certain definite infoimation has been obtained 
by various investigatoi s These data have been reviewed briefly in 
another paper,- in which we discussed the maturation of reticulocytes 
It IS a generally accepted fact that diffuse basophilia and reticular sub- 
stance are identical, the latter being a manifestation of the formei, pio- 

'■ Submitted for publication Nov 6, 1930 
From the Thorndike Memorial Laboratory, Boston City Hospital and the 
Department of Medicine, Harvard Medical School 

The expenses of this investigation were borne in part b}'- grants from the 
J K Lilly gift to the Medical School of Harvard University 

1 Minot, G R , and Murphy, W P Treatment of Pernicious Anemia by a 
Special Diet, J A M A 87 470 (Aug 14) 1926 

2 Heath, C W , and Daland, G A The Life of Reticulocides Experiments 
on Their Maturation, Arch Int Med 46 533 (Sept) 1930 
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duced by the supravital action of ceitain dyes (Hawes,® Biuckner and 
Spatz,-* Schillmg-Torgau,'' Schilling,® Key ^ and Gawnlow The fact 
that the basophilic substance has different appearances for dif- 
ferent conditions of staining has attracted much attention Biuckner® 
pointed out that the drying of led blood cells at elevated teinpei atui es 
(from 60 to 100 C ) produces lelatively more polychromatophiha than 
granulation, wheieas lower tempeiatuies produce moie granulation than 
potychiomatophiha He stated that the relative number of polychro- 
matophihc and granular cells is a function of the temperature and the 
moisture of the air in which they have been dried The piesence of 
diffuse basophilia and the absence of reticulation in ordinary Roman- 
owsky stained preparations (Wiight’s stain) are explained by the action 
of strong fixing agents, such as methyl alcohol Sudden fixing, as with 
osmic acid vapor, and subsequent staining produce the appearance of 
diffuse basophilia Key stated that a picture resembling punctate baso- 
philia could be obtained by heating reticulated cells to 50 C for one-halt 
hour or by ti eating them with dilute potassium h}droxide Biookfield,^® 
by using weaker solutions of brilliant cresyl blue, found that leticulation 
became fiagniented and resembled stippling, and that diffuse basophilia 
was present under such conditions Schilling ® described the net struc- 
ture, 01 reticular substance, as a coarse, precipitated foim of the diffusel) 
spread material, giving the appearance termed pol} chi omasia Hawes ® 
made counts of the basophilic cells and reticulocytes of the blood of 
various patients and found the percentage of basophilic cells always 
slightly lower than the percentage of reticulated cells He explained 

3 Hawes, J B A Studj' of the Reticulated Red Blood Corpuscle by jMeans 
of Vital Staining Methods Its Relation to Polychromatophiha and Stippling 
Boston M & S J 161 493, 1909 

4 Bruckner, H , and Spatz, R Ueber die Beurteilung des roten Blutbildcs 
bei der Bleivergiftung unter Berucksichtigung verschiedcner Darstelliingsmethodcn 
der polychromaten und basophil punktierten Er>throcvten, Arch f H 3 '^g 97 277, 
1926 

5 Schilling-Torgau, V Arbeiten uber die Erjahrozvten I Ueber die 
polychromophihc und verwandte Zustande, Folia haemat 11 327, 1911 

6 Schilling, V Die Zelltheorie des Erjdhrocvten als Grundlage der klini- 
schen Wertung anamischer Blutbefunde, Virchows Arch f path Anat 234 548, 
1921 

7 Kc}', J A Studies on Er}nhrocytes, with Special Reference to Reticulum, 
Polychromatophiha and Mitochondria, Arch Int Med 28 511 (Nov ) 1921 

8 Gawnlow, R Zur Lehre uber die vitalfarbbare Substanz der Erythrozyten, 
Folia haemat 38 216, 1929 

9 Bruckner, H Arbeiten uber die basophile Substanz in den jugendhchen 
roten Blutkorperchen II Ueber die physikahsch-chemischen Eigenschaften dei 
basophilen Substanz in den jugendhchen Erythrocyten, Arch f Hjg 98 95, 1927 

10 Brookfield, R W Blood Changes Occurring During the Course of 
Treatment of Malignant Disease by Lead, with Special Reference to Punctate 
Basophilia and the Platelets, J Path & Bact 31 277, 1928 
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this by the fact that it is difficult to distinguish a cell with a small amount 
of basophilia fiom a nonbasophilic cell, while it is easy to distinguish 
a leticulated cell with a small amount of leticular mateiial fiom a non- 
reticulated cell The two counts weie paiallel, and Hawes consideied 
the two types diffeient manifestations of the same substance 

When liver therapy was first being employed in cases of pernicious 
anemia, the mechanism of the action of the active principle in liver on 
the production of led blood cells stimulated Dr Geoige R Minot to 
investigate the effect of liver extracts on leticulocytes It was lecogmzed 
that an m vitio method of detei mining the potency of liver extiacts 
would be of gieat value Efifoits to obtain such a method met with no 
success, but the peculiar influence of extracts of liver and other sub- 
stances on the staining of reticulocytes seemed to wan ant special study 

METHODS 

Since Cesans-Demel published accounts of the supravital action of brilliant 
cresyl blue on reticulocytes, this dye has been widely used in the study of these 
cells A solution of 0 5 per cent brilliant cresyl blue (National Aniline Com- 
pany) m 95 per cent ethyl alcohol was used in the experiments to be described 

Blood was obtained from patients and from rabbits Reticulocytosis was pro- 
duced in the rabbits by the intrapentoneal injection of phenylhydrazine or by 
bleeding The blood of patients with pernicious anemia at the height of the reticu- 
locyte rise, following liver therapy, served as the source for human reticulocytes 
The blood was collected under sterile precautions, placed in a sterile flask contain- 
ing glass beads and defibrmated by gentle shaking Sometimes, if the number of 
reticulocytes was low, the blood was centrifugated to concentrate the young cells 
at the top of the column of blood 

The substances to be tested were dissolved in distilled water, in physiologic 
solution of sodium chloride or m a buffer solution, composed of 0 12 molar of 
disodium phosphate and 0 03 molar of monosodium phosphate Certain solutions 
of ammo-acids and liver extracts were neutralized with sodium hydroxide, brom- 
thymol blue being used as an indicator As a rule, 04 cc of solution was mixed 
with 0 2 cc of blood in a small test tube After the cells and solution had been 
in contact for a ceitam period of time, the test tube was shaken thoroughly and a 
small drop smeared between two cover slips on which brilliant cresyl blue had 
previously been dried The cresyl blue smears were dried in the air and countei- 
stained with Wright’s stain (a modification of the Romanowsky stain, m which 
fixation is produced by methyl alcohol) after the methods of Hawes ^ and 
Cunningham Control preparations of the original blood were made in a similar 
manner Permanent preparations mounted in balsam were studied for the relative 
numbers of cells showing diffuse basophilia and those showing reticular substance 

11 Drs George R Minot, Franklin R Miller, Samuel S Ellis and J Seaburj 
Hathaway of this laboratory did the pioneer work on this subject 

12 Cesans-Demel, A Studien uber die roten Blutkorperchen mit den 
Methoden der Farbung in fnschen Zustande, Folia haemat 4 1, 1907 

13 Cunningham, T D A Method for Permanent Staining of Reticulated Red 
Cells, Arch Int Med 26 405 (Oct ) 1920 
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One thousand cells were counted, and the percentage of reticulocytes determined 
In some cases the percentage of basophilic cells was also determined 

Some experiments were performed with cells washed free from serum with 
physiologic solution of sodium chloride No marked difference was observed 
between the staining character of cells left in their own serum and cells washed 
free from serum, but the latter tended to hemolyze more easily than the former 
A more pronounced effect of a substance could sometimes be demonstrated by the 
use of 0 6 cc or 0 8 cc of solution and 0 2 cc of blood 

In the first series of experiments, 10 per cent solutions of the substanees were 
usually used to test their effect on the staining of reticulocytes by brilliant cresyl 
blue If this concentration was too toxic to red cells, as shown by hemolysis of 
the cells in preliminary test tube experiments or by the disintegration of the cells 
in the process of fixing and staining, such weaker strengths of the solutions were 
employed as did not produce these changes in the red blood cells 


THE INTEUENCE OF SOLUTIONS OF DIFFERENT SUBSTANCES 

A summary of the results of experiments m which a variety of 
organic and inorganic substances was used is recorded in table 1 After 
the blood had remained m contact with a solution for about fifteen 
minutes and the smears had been stained, the percentage of reticulo- 
cytes, in most instances, diminished markedly, or the reticulocytes 
apparently entirely disappeared A study of the preparations, however, 
revealed the presence of many diffusely basophilic cells, the number of 
which varied with the number of reticulocytes seen m the control 
preparations Examples of such observations are shown in table 2 
When only a few reticulocytes remained, diffusely basophilic cells were 
also seen Cells which were diffusely basophilic m such preparations 
frequently contained strands of reticular substance or fine granules of 
basophilic staining substance Cells could be found which varied greatly 
in the relative amounts of diffuse basophilia and reticular substance 
which they contained 

A wide vaiiet}- of substances was chosen in Older to determine 
whether or not this effect, antagonistic to the staining of reticulai sub- 
stance, was 1 elated to any one class of substances It is evident from 
the data in table 1 that there was no such relationship Organic and 
inorganic substances, strong and weak electiolytes and acids and bases 
pioduced this effect 

The substances most thoioughly studied were hvei extracts Two 
tipical examples of their effect on the staining of leticular substance aie 
shown in table 1 Studies weie made on liver extiacts which were 
potent but which were impotent when given to patients with peinicious 
anemia The influence of these extracts on the staining of reticulocytes 
bore no relation to then potency 

14 Many of these were prepared by Dr Edwin J Cohn and his associates 
(Cohn, E J , Minot, G R , Alles, G A, and Salter, W T The Nature of the 
Material in Liver Effective in Pernicious Anemia, J Biol Chem 77 325, 1928) 



Table 1 — The Influence of SohiUons of Subsianccs on the Siavnng of 
Reticulocytes with Bi ilhant Cresyl Blue 


Reticuloejtcs 



Ooncen 
tration of 
Solution, 

Amount of 
Solution, 

Amount of 
Dcflbrinated 
Blood, 

Control, 

After 15 Min 
Exposure to 
Solution, 

Substance 

per Cent 

Cc 

Cc 

per Cent 

per Cent 

Liver extract no 343 (N N R ) 

15 0 

04 

02 

29 3 

58 

Purified extract RI XLII* 

10 0 

04 

02 

12 2 

00 

Glycine 

10 0 

04 

02 

36 7 

30 

Alanine 

10 0 

04 

02 

36 7 

10 2 

Leucine 

10 0 

04 

02 

30 7 

00 

Glutaminic acid 

1 0 (saturated) 

04 

02 

20 0 

10 0 

Cystine 

Saturated 

04 

02 

27 1 

24 4 

Aspartic acid 

Satuiated 

04 

02 

27 1 

1 0 

Sodium asparaginate 

10 0 

04 

02 

27 1 

4 1 

Creatinine 

8 7 

04 

02 

30 7 

3 0 

Dextrose 

80 

08 

02 

34 3 

2 2 

Gljcocholic acid 

±0 3 

04 

02 

30 7 

32 0 

Phenylhydrazine 

20 

04 

02 

30 7 

33 0 

Lecithin 

Small particle 


02 

27 1 

29 0 

Cholesterin 

(insoluble) 
Small crystal 


02 

271 

±30 Ot 

Peptone 

(insoluble) 

10 0 

04 

0 2 

20 6 

17 2 

Sodium chloride 

2 5 

00 

02 

29 4 

0 41 

Sodium chloride 

2 5 

0 4 

02 

21 2 

34 

Sodium iodide 

2 5 

04 

02 

19 8 

0 0 

Sodium sulphiytc 

10 0 

04 

0 2 

301 

40 

Disodium acid phosphate 

50 

08 

02 

19 8 

11 2 

Calcium chloride 

7 5 

04 

02 

20 6 

00 

Magnesium sulphate 

10 0 

04 

02 

30 1 

00 

Sodium hydroxide 

OOOIN 

04 

02 

15 8 

93 

Hydrochloric acid 

0 05N 

04 

02 

15 8 

10 0 

Ammonium hydroxide 

10 

04 

02 

20 C 

19 4 

Acetic acid 

01 

04 

02 

20 0 

5 2 

Lactic acid 

01 

04 

02 

15 8 

10 4 

Ammonium acetate 

10 0 

04 

02 

20 0 

19 4 

Hydrogen peroxide 

50 

04 

02 

20 0 

20 0 

Glutathione 

50 

01 

04 

18 8 

00 

Pituitary extract (Lederle) 


04 

02 

12 2 

00 

Epinephrine chloride 1 1,000 


0 4 

02 

15 8 

16 

Thyroxin 

Crystals 


02 

12 2 

12 0 


^ Prepared by Dr Edwin J Cohn 

t Considerable injury to tbe red blood cells prevented accurate counting 
t Pivo minute exposure 


Table 2 — Piesence of Basophilic Cells and Reticulocytes Aftei Contact with 

Diifeient Solutions 


After 15 Min Contact M ith 
Solution Relative Number 
of Cells Showing 

i 


Substance 

Concentration of Solution 

Reticular 
Materia], 
per Cent 

Diffuse 
Basophilia, 
per Cent 

Control 

Deflbr mated blood 

21 4 

0 

Control 

Buffer solution and deflbrinated blood 

17 0 

0 

Liver extract no 343 (N N R ) 

20% 

90 

34 

20% 

11 1 

4 8 

Glycine 

10% 

16 

00 


10% 

1 8 

GO 
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As these liver extracts were known to he rich in amino-acids, the 
lattei alone weie next studied Glycine, alanine and leucine inhibited 
the staining of leticular substance by brilliant ciesyl blue in a manner 
similar to that of corresponding stiengths of liver extract no 343 
(N N R ) Cystine, in a dilute solution, had only a slight inhibiting 
effect It IS notewoithy that the two dibasic ^iino-acids, glutaminic 
and aspaitic acids, had as strong an inhibiting influence as the monobasic 
acids, although their slight solubility allowed the use of only weak solu- 
tions Dextiose behaved similaily to liver extracts and the ammo-acids 
In some qualitative expeiiments suciose also had an inhibiting influence 

Sodium salts, calcium chloiide and magnesium sulphate inhibited the 
staining of reticulocytes, the last two being appaiently more effective 
than the sodium salts The presence of a bivalent cation may account 
for this difference Sodium hydi oxide, hydrochloiic acid, ammonium 
h}-di oxide and acetic acid, altliough they could be employed only in very 
small concentrations, seemed to have some inhibiting influence Lactic 
acid, in one experiment, had no influence H 3 'diogen peroxide itself was 
not effective When added to a solution of hvei extract or glycine, 
hydrogen peroxide did not alter the inhibiting effect of thesp substances 
on the staining of reticulocytes 

Extiacts of pituitary and epinephrine were tested to compaie their 
action with that of liver extracts, and they were found to have a similar 
inhibiting influence Insulin, the action of which on the permeability 
of eiythroc 3 ^tes has been the subject of many reports,^” likewise seemed 
to be effective However, as insulin was toxic to the red blood cells in 
the strength employed, it became impossible to count the reticulocytes 
accurately 

The presence of diffuse basophilia in these prepaiations was as 
much a criterion in the estimation of the influence of a substance on the 
staining of leticulocytes as the actual reduction in the number of 
cells showing reticular material When the influence of substances 
insoluble in water, such as cholesterin, lecithin and thyroxin, was 
studied, no diffuse basophilia could be seen, and there was no reduction 
in the number of reticulocytes Therefore, these substances when 
added to blood were noneffective 

There is necessarily a limitation of the number of substances that 
can be tested in this manner, because of mjur 3 ’- to the red blood cells 
which IS caused when strong concentrations are used, whereas weak 
concentrations will not affect the cresyl blue staining Such, for exam- 
ple, are urea, malonic acid, tnvalent salts such as feme chloride and 


15 Haldane, IBS, Kay, H D , and Smith, W The Effect of Insulin on 
Blood Volume, J Physiol 59 193, 1924 Irving, J T , and Kay, H D The in 
Vivo Permeability of the Red Corpuscles of the Rabbit, J Physiol 61 113, 1926 
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sodium phosphate, potassium chloride, sodium bromide, strontium 
chloride and magnesium chloride 

In summary, it may be stated that all easily soluble substances 
so far expel imented with, which are not toxic enough to led blood 
cells to produce hemolysis or severe injury, have an inhibiting influence 
on the staining of reticulocytes by brilliant ciesyl blue 

It may be argued that such stiong concentrations of substances 
produce peimanent changes of the membianes of the red blood cells 
or even “fixing” of the red blood cells, thus pi eventing the entrance of 
brilliant cresyl blue into the cells That this is not likely is shown by 
the following experiment red blood cells were left in contact with a 
solution of liver extract or glycine, then the cells weie washed seveial 
times by centrifugation and the addition of physiologic solution of 
sodium chloride or buffer solution , if the cells were then stained supra- 
vitally the reticulocytes appeared as originally, and diffuse basophilia 
was absent Therefore, the liver extract or glycine inhibited the staining 
of the reticular material onl}^ as long as the test substance remained 
in contact with the led blood cells 

Reticulated cells stained as usual if they were crenated by exposure 
to a small amount of alcohol, showing that crenation is not a factoi 
in the inhibitive influence of these substances 

Preparations were examined in the moist state after supravital 
staining with brilliant cresyl blue, but without fixing and counterstainmg 
with Wright’s stain The influence of solutions of substances was seen 
to be the same here as m the fixed preparations , no or few reticulocytes 
were observed Under these circumstances, on gross as well as micro- 
scopic inspection of the smears, there seemed to be an inability of 
the dye to “take,” and the red blood cells tended to remain unstained 
No definite difference between the effects on rabbit and human 
reticulocytes was found in these experiments The human blood was 
more satisfactory because the cells withstood injury better and more 
perfect preparations could be made 

THE INFLUENCE OF DIFFERENT CONCENTRATIONS OF SUBSTANCES 

Table 3 shows the results when different concentrations of liver 
extract, calcium chloride and sodium chloride were used The inhibiting 
influence of these substances on the staining of reticulocytes by brilliant 
cresyl blue varies with the strength of the solution of the substance 
This was less true of sodium chloride m concentrations higher than 
2 5 per cent when the cells tended to hemolyze in the process of smear- 
ing, which rendered counting difficult That very dilute solutions can 
have an influence is seen from the data in table 3 m the cases in which 
0 5 per cent calcium chloride and 0 5 per cent sodium chloride were 
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used It was noticed that physiologic solution of sodium chloride, or 
phosphate buffers, paiticularly if potassium were present, had a slight 
inhibiting influence (table 2) This -was moie apparent m the actual 
microscopic study of the pi epai ations, m which poorly defined leticular 
substance or cells with diffuse basophilia and a few fine threads of 
reticulai substance weie present These cells weie counted as leticulo- 
cytes in the quantitative expeiiments Preparations in which only 
diffusely basophilic cells and no i eticulocytes weie present were usually 
those in which veiy strong concenti ations of substances were used 

Table 3 — The Influence of Diffaent Concent) ations of Substances on the 
Staining of Reticulocytes (04 cc of Solution Added to 0 2 cc of 
Dchbi mated Blood) 


Reticuloc\ tes 



Concentration 

Period of 

r 

After Exposure 


of Solution, 

Exposure, 

Control, 

to Solution, 

Substance 

per Cent 

Minutes 

per Cent 

per Cent 

Liver extract no 343 (^ N R ) 

20 0 

20 

13 0 

15 

10 0 

20 

13 0 

40 


5 0 

20 

no 

no 


10 

20 

13 0 

12 S 

Calcium chloride 

10 0 

15 

21 2 

04 


5 0 

15 

21 2 

IS 


2 5 

15 

21 2 

118 


05 

15 

21 2 

ITS 

Sodium chloride 

10 0 

15 

21 2 

08 


50 

15 

21 2 

08 


25 

15 

21 2 

34 


0 5 

15 

21 2 

20 2 

Sodium chloride’* 

GO 

1 

ICG 

33 


10 

1 

10 G 

40 


3') 

1 

10 G 

3 3 


30 

1 

10 G 

08 


25 

1 

IOC 

88 


20 

1 

10 0 

10 8 


* In tins e^perlIIle^t 0 1 cc of 0 4 pei cent brilliant cresyl blue was added to the iui\ture 
and smears arere taken one minute later, plain co\cr slips being used 


INFLUENCE OE SOLUTIONS OE SUBSTANCES IN CONTACT WITH 
RETICULOCTTES EOR VARYING PERIODS OE TIME 

When an effective solution was left in contact with the cells foi 
an hour oi more, the percentage of x eticulocytes tended to letuin to the 
original value , that is, the substance tended to lose its inhibiting influ- 
ence on the staining of the leticular substance by the dye (table 4) 
This has not always been true, as in the case of dextrose Ceitain 
prepai ations and certain strengths of solutions have failed to show 
this effect Howevei, the effect has repeatedly been demonstrated for 
liver extracts The effect was more pronounced when the expeiiments 
were earned out at 37 5 C than at room temperature That this 
phenomenon, namely, the weakening of the inhibiting influence of sub- 
stances when left in contact with cells for an hour or more, could not 
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be due to the gradual bieaking down of amino-acids or pol} peptids 
IS shown by the fact that sodium chloride acts in a inannei similai to 
liver extiact and amino-acids 

If the mixtures are left m the mcubatoi foi longer than several 
hours, the peicentage of reticulocytes begins to diminish, a piocess 
which has been desci ibed elsewhere “ and which is believed to be one 
of matuiation of the reticulocytes 

COMMENT 

It IS assumed fiom these studies that the piesence of diffuse baso- 
philia in a cell indicates that the biilhant ciesyl blue has not acted on 
the basophilic substance to change it to reticular substance This 
may be due either to the inability of the dye to enter the cell or to 
the inability of the dye aheady in the cell to produce its charactei istic 
piecipitation-hke action on the basophilic substance That it is related 
to the permeability of the led blood cell to brilliant ciesyl blue seems 
more probable Both conditions aie representative of extremely com- 
plicated mechanisms, and it is impossible at the piesent time to do moie 
than conjecture as to the exact nature of the phenomenon Gawnlow ^ 
discussed thoioughly problems conceimng the “vitally” staining sub- 
stance m }'Oung led blood cells and stated that a moie thorough physical 
and colloidal chemical knowledge of this substance is needed for its 
better understanding 

It is unhkel}' that the dye is altered chemically oi that it is oxidized 
to a colorless compound, because the inhibiting effect on the staining 
of 1 eticulocytes is produced by so many difteient kinds of substances 
Alteration in pu has little to do with the phenomenon as a whole, 
although it may well modify the results to some extent Vaiiations 
in staining cells under extracellular conditions of different pn weie 
noted by Iiwin,^" Brooks, Ochs,^® Tolstoouhov and Gawnlow® 

16 Hiruma, K On the Fate of Ammo-Acids Permeated into the Red Cor- 
puscles, Japan M World 2 65, 1922 

17 Irwin, M The Penetration of Basic Dye into Nitella and Valonia m the 
Presence of Certain Acids, Buffer Mixtures, and Salts, J Gen Physiol 10 271, 
1926, Certain Effects of Salts on Penetration of Brilliant Cresyl Blue into 
Nitella, ibid 10 425, 1927, The Effect of Acetate Buffer Mixtures, Acetic Acid, 
and Sodium Acetate on the Protoplasm, as Influencing the Rate of the Penetration 
of Cresyl Blue into the Vacuole of Nitella, ibid 11 111, 1927, Counteraction of 
the Inhibiting Effects of Various Substances on Nitella, ibid 11 123, 1927 

18 Brooks, M M Studies on Permeability of Living Cells IX Does 
Methvlene Blue Itself Penetrate ^ Unn California Publ , Zool 31 79, 1927 

19 Ochs, G W Ueber den Emfluss der Temperatur auf die Farbung von 
Blutausstnch-Praparaten, Folia haemat 37 241, 1928 

20 Tolstoouhov, A V Effect of Preliminary Treatment on Staining Proper- 
ties of the Tissues, Stain Technology 3 49, 1928 
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Gawnlow considered of importance the hydiogen ion concentration of 
the aqueous medium m which the supiavital staining of reticulocytes 
takes place He placed led blood cells of guinea-pigs in Sorenson’s 
phosphate buffer mixtuies and stained them supiavitally with poly- 
chrome methylene blue (methylthionine chloride, U S P ), counter- 
staining them with giemsa In alkaline mediums an outstanding network 
was seen, in acid mediums veiy little network was obseived, but much 
basophilia, in inteimediate solutions all degrees of basophilia and 
network appeared This influence of the pn undoubtedly varies for the 
dye used and for the experimental conditions under which the staining 
takes place, for we have found that biilliant cresyl blue with a similar 
range of stains the reticulocytes uniformly by our expeiimental 
methods Also, phosphate buffer itself may have a certain inhibiting 
effect on the staining of reticuloc)^tes 

Instances of the inhibiting influence of substances on the peimeability 
of cell membranes are numerous in the literature Hober and Memme- 
sheimer found that cane sugar and gi} cine had a prohibitive influence 
on the entrance of rhodamine B, methylene blue or methyl violet B into 
ox blood cells In 1894, Bremei *- and in 1897, Le Goff reported 
poor staining of red blood cells by methylene bine in cases of diabetes, 
and they suggested this as a test for diabetes The phenomenon 
apparently depends on the presence of inci eased amounts of dextrose 
in the blood Loeb described what he named the "antagonistic salt 
action” Solutions of electrolytes, such as sodium chloiide and calcium 
chloride in certain concentration, inhibited the entrance of potassium 
chloride or acids into the embryo of eggs of Fwidulus 

Brooks studied the inhibiting effects of water and salts on the 
entrance of the dye, dahlia, into the sap of the cells of Nitclla She 
employed the following substances in the order of their power of 
inhibiting the entrance of the dye distilled water, tap water, sodium 
chloride, potassium chloride, calcium chloride and magnesium chloride 

21 Hober, R , and Memmesheimer, A Einige Beobachtungen uber Per- 
meabilitatsanderungen bei roten Blutkorperchen m Losungen von Nichtleitern, 
Arch f d ges Physiol 198 564 1923 

22 Bremer, L Ueber eine Farbemethode, mit der man Diabetes und Glyco- 
surie aus dem Blute diagnostisieren kann, Centralbl f d med Wissensch 32 850, 
1894 

23 Le Goff, Jean-Mane Sur certaines reactions chromatiques du sang dans le 
diabete sucre, These, Pans, 1897 

24 Loeb, J The Mechanism of the Diffusion of Electrolytes through the 
Membranes of Living Cells, J Biol Chem 27 339, 353 and 363, 1916 , 28.175, 1916 

25 Brooks, M M Studies on the Permeability of Living Cells VIII The 
Effect of Chlorides upon the Penetration of Dahlia into Nitella, Protoplasma 
2 420, 1927 
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Xrwm found that sodium and potassium ions, phosphoiic acid, liydio- 
' chloiic acid, phosphate and acetate buffers and acetic acid inhibited 
the rate of penetration of brilliant cres 5 d blue into Nifella A direct 
analogy between Biooks’ and Irwin’s experiments and those regaiding 
the permeability of the membianes of the red blood cells should not 
be drawn, however, because in the latter case, at least, there is doubt 
whether we are dealing with vital phenomena (Nittis-*^) Pearse^" 
found that the reticulum of immature red blood corpuscles m solutions 
of the same pu but of different composition reacted to neutial red m 
the same way as the stained structures of dead leukocytes, and the 
opposite to the structures within living white corpuscles He gave 
this as evidence m favor of the view set forth by Key that the reticulum 
IS an inactive substance, but he stated that since erythrocytes are not 
considered c}d;ologically as true cells the semipermeable pioperties of 
their membrane may not be comparable to those of other living cells 
Kerr noted that red blood cells become progressively more per- 
meable to cations as the proportion of serum present decreases He 
remarked that 0 85 per cent sodium chloride was not “physiologic” 
since It permits the transfer of ions This opens an important lead 
on the problems presented here Physiologic solution of sodium chloride 
inhibits the staining of reticulocytes by brilliant cresyl blue Other 
substances that were employed m strong concentrations were certainly 
not “physiologic ” That changes take place under these conditions, 
undoubtedly in the transfer of ions, is probable, as is shown in the 
experiments given in table 4, in which the inhibiting influence of 
the solutions is shown to dimmish with time Neuhausen and Breslin 
and Mond and Gertz studied problems related to the permeability 
of the membranes of red blood cells which bear especial relation to 
the phenomena presented m this paper 

26 Nittis, S “Supra-Vital” Staining Phenomena of Erythrocytes, Folia 
haemat 41 385, 1930 

27 Pearse, H E The Permeability of Human Blood Cells to Carbon Dioxid 
and Ammonium Hydroxid m Solutions of the Same pa, Arch Int Med 35 347 
(March) 1925 

28 Kerr, S E Studies on the Inorganic Composition of Blood III 
The Influence of Serum on the Permeability of Erythrocytes to Potassium and 
Sodium, J Biol Chem 85 47, 1929 

29 Neuhausen, B S , and Breslin, J E Study of the Influence of Chemicals 
on Erythrocyte Membranes by Changes in Corpuscular Volume, Bull Johns Hop- 
kins Hosp 34 199, 1923 

30 Mond, R , and Gertz, H Vergleichende Untersuchungen uber Membran- 
struktur und Permeabilitat der roten Blutkorperchen verschiedener Saugetiere, 
Arch f d ges Physiol 221 623, 1929 
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It seems unlikely that red blood cells aie the only cells that contain 
a substance which is closely connected in some way u ith the matui ation 
of cells, and which is demonstiable by ceitam staining methods Unpub- 
lished data at hand indicate that a substance similarly demonstrable 
is present also in the white blood cells and bears a relation to the 
maturation changes of these cells Therefore, it seems leasonahle to 
conclude that studies of the sort presented in this papei tend to empha- 
size geneial, rather than special, phenomena of cell life As knowledge 

Table 4 — The Influence of Solutions of Substances in Contact zvith Blood foi 
Some Homs on the Staining of Reticulocytes (0 4 cc of Solution Added 
to 0 2 cc of Defibi mated Blood) 


Substance 

10 per cent Iner e-^traet no 343 

10 per cent liver ev-tract no 343 
10 per cent luer e\tract no 343 
2 5 per cent sodium chloride 
8 per cent dextrose , 

S per cent dextrose* 

2 5 per cent sodium chloride* 

2 5 per cent sodium chloridef 


Period of Exposure 

(N N R ) 15 minutes 

50 minutes 
3 hours, 15 minutes 

(N N R ) 15 minutes 

3 hours, 15 minutes 

(N N R ) 15 minutes 

3 hours, 15 minutes 

5 minutes 

2 hours 

5 minutes 

1 hour 

2 hours 

3 hours 

5 minutes 

1 hour 

2 hours 

5 minutes 
15 minutes 

1 hour 

3 hours 

15 minutes 

1 hour 
3 hours 
G hours 


Percentage of Reticulocj tes 

A- - 


Control 

After Exposure 

Blood 

to Solution 

34 2 

10 5 


25 7 


310 

34 2 

23 7 


25 0 

34 2 

191 


23 4 

29 4 

04 


25 8 

34 3 

22 


1 G 


10 


09 

298 

08 


21 


1 5 

33 8 

21 0 


171 


21 4 


18 9 

24 2 

no 


12 6 


15 7 

22 0 

12 C 


* These experiments were carried out at room temperature, all of the other experiments 
were carried out at 37 5 C 

t In this experiment 0 1 cc of 0 4 per cent brilliant cre®! I blue was added to the mixture of 
cells and solution, and smears on glass cover slips were taken after one minute 

concerning cellular biology accumulates it will unfold the secrets of 
vital processes and lead eventually to the defeat of disordeis associated 
with the abnormal growth of cells 

CONCLUSIONS 

1 A variety of substances in solution, including liver extracts, 
amino-acids and certain salts, have an inhibiting influence on the 
staining of reticulocytes by brilliant cresyl blue 

2 The influence of the liver extiacts on the staining of reticulo- 
cytes IS not related to the potency of the extiacts foi producing remis- 
sion in pernicious anemia 
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3 The inhibiting effect of a substance on the staining of reticuloc} tes 
varies with the concentration of the solution of the substance 

4 When solutions of liver extract, amino-acids or sodium chloride 
leinain in contact with the cells for a long time, the inhibiting influence 
on the staining reaction tends to dimmish 

5 The expel iments give further evidence m support of the theory 
that basophilic substance and reticular substance are different manifesta- 
tions of the same material 

6 The inhibiting influence on the staining of reticulocytes is assumed 
to be due to alteration m the permeability of the red blood cells produced 
by the action of various substances in solution 



PARAVERTEBRAL INJECTIONS OF ALCOHOL FOR THE 
RELIEF OF CARDIAC PAIN 


A REVIEW or EXPERIENCE TO DATE AND A REPORT OF NINE CASES 

ROBERT L LEVY, MD 

AND 

RICHMOND L MOORE, MD 

NEW YORK 

As experience accumulates following the introduction of a new theia- 
peutic procedure, there comes a time when it is profitable to halt activity 
and critically appraise the value of what has been accomplished Fol- 
lowing such an analysis, ineffective measures are discarded, modifications 
often suggest themselves, and plans for further development of the 
method may be formulated Cervical sympathectomy as a means of 
alleviating pain of cardiac origin has not stood the test of trial, and in 
America it has fallen into disuse The many types of operation employed 
and the variability of results afford abundant evidence that ablation of 
any portions of the sympathetic chain in the neck cannot interrupt all 
of the nervous pathways concerned Fuitheimore, the most intense suf- 
fering IS encountered in patients with coronary disease, and as a rule it 
IS inadvisable to submit such persons to an extensile surgical operation 
When discomfort is so great that life becomes buidensome, any measure 
offering a reasonable hope of relief deserves serious consideration and 
trial under suitably controlled conditions It has seemed to us timely 
to suri^ey the results to date of paiaveitebial injections of alcohol and 
to record personal observations in nine cases 

REVIEW OF THE LITERATURE 

The idea of paiaveitebial alcohol block for the relief of cardiac pain 
was the outcome of a logical sequence of events Paravertebral injec- 
tions of procaine hydrochloride have been used for a number of years 
in order to induce local anesthesia for the perfonnance of surgical opera- 
tions In Geimanjq the method has been employed more recently for 
the differential diagnosis of various abdominal conditions b)'^ abolishing 
pain in segmental areas and thereby deducing its source of origin At 

Submitted for publication, Nov 25, 1930 
'■ From the Departments of Medicine and Surgery, College of Physicians 
and Surgeons of Columbia University and the Presbi'terian Hospital 

=^Read in abstract at the Second Annual Round Table, Ph 3 rsicians Hospital, 
Plattsburgh, N Y , Aug 23, 1930, and before the Section of Medicine, New York 
Academj'- of Medicine, Dec 16, 1930 
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the suggestion of von Bergmann, Laewen^ fiist piacticed the injection 
of piocaine hydi ochloi ide into the dorsal rami in a case of angina pec- 
tons, but gave no detailed account of the patient or of the effects Biunn 
and Mandl," stimulated by Pal, then undertook to stud} the method 
systematically fiom a theiapeutic point of view Lugei," Pal Mandl,"’ 
Biunn® and otheis followed with leports of senes of cases Aflei 
tabulating and analyzing this liteiatuie, it became appaient that the 
injections weie made into various nerves at different ceivical and thoiacic 
levels, the clinical lustories were recorded only briefly, and the lelief 
afforded, though definite as a lule, was of lelatively short duiation 
However, Mandl stated that in thiee instances the attacks disappeaied 
for from six months to a yeai 

Swetlow ' suggested the injection of alcohol following that of pro- 
caine hydrochlonde, with a view of inducing Wallenan degeneration in 
the fibers of the rami communicantes and thereby insuiing greatei pei- 
manence of relief He undeitook to map out areas of distuibed cuta- 
neous sensibility in his patients, making injections into the roots 
corresponding to the segmental distribution of sensory changes In a series 
of papers, Swetlow reported twenty-two cases ‘ Nineteen cases from the 
Massachusetts Geneial Hospital have been recorded at vaiious times by 
Wlute and White,® Spiague and Mixter,® Richaidson and White, 

1 Laewen, A Paravertebrale Novokaininjektionen zur differential Diagnose 
mtraabdommeller Erkrankungen, Zentralbl f Chir 49 1510, 1922 

2 Brunn, F, and Mandl, F Die paravertebrale Injektion zur Bekampfung 
visceraler Schmerzen, Wien klin Wchnschr 37 511 (May 22) 1924 

3 Luger, A Therapeutischer Versuch bei Aortalgie, Wien med Wchnschr 
74 2543 (Nov 22) 1924 

4 Pal, J Zur Aussprache uber Klinik der Angina pectoris, Wien klin 
Wchnschr 37 351 (April 3) 1924 

5 Mandl, F Weitere Erfahrungen mit der paravertebralen Injektion bei 
der Angina pectoris, Wien klin Wchnschr 38 759 (July 2) 1925 

6 Brunn, F Zur Behandlung der Angina pectoris mit paravertebralen 
Injektion, Wien klin Wchnschr 39 110 (Sept 23) 1926 

7 Swetlow, G I Paravertebral Alcohol Block in Cardiac Pain, Am Heart 
J 1 393 (April) 1926 Swetlow, G I , and Schwartz, S P The Treatment 
of Cardiac Pain by Paravertebral Alcohol Block, J A M A 86 1679 (May 29) 
1926 Swetlow, G I A Chnicophysiologic Study of the Pathway of Pain 
Impulses in Cardiac Disease, Am J M Sc 178 345 (Sept) 1929, Angina Pec- 
toris Paravertebral Alcohol Block for the Relief of Pain, Am J Surg 9 88 
(July) 1930 

8 White, J C, and White, P D Angina Pectoris Treatment with Para- 
vertebral Alcohol Injections, J A M A 90 1099 (April 7) 1928 

9 Sprague, H B , and Mixter, W J A New Method for the Treatment 
of Severe Angina Pectoris, New England J Med 200 199 (Jan 24) 1929 

10 Richardson, E P, and White, P D Sympathectomy in the Treatment 
of Angina Pectoris Comparison of Results with Those from Paravertebral 
Alcohol Injection, Am J M Sc 177 161 (Feb ) 1929 
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Mixter and White and White Pletnew and Hesine reported 
the administration of seventy-three injections in eighteen patients, and 
Cattell and Huixthal^"* published the account of another case fiom the 
Lahey Clinic in Boston Including the nine cases in our own series, 
there are available records of sixty-eight patients who received injec- 
tions of alcohol 

ANATOMY AND PHYSIOLOGY OP THE NERVES CONCERNED IN THE 
MECHANISM OF CARDIAC PAIN 

Knowledge concerning the neivous pathways by which painful 
impulses are transmitted fiom the heart and aoita to the cential nervous 
system is still incomplete Certain facts have been established with 
reasonable certainty, and m this brief summaiy the attempt will be made 
to lemain within the domain of probability rather than to wandei in the 
realm of the possible The following statements, as well as the accom- 
panying diagram (fig 1), are based laigely on the work of Langley, 
Edgeworth and Ranson 

In the words of Ranson 

Whether or not the intense pain which characterizes the anginal attacks is 
due to stretching of a diseased aorta, to spasm of the coronary arteries, or to 
anemia of the myocardium, the pain in itself clearly indicates that there is an irrita- 
tion of sensory fibers in the heart wall or in the immediatelv associated arteries 

These sensorv fibeis foim a plexus sunounding the coronary vessels 
and aorta, and in this plexus minute sympathetic ganglions are found 
The couise of the sensory fibers for the heait and its associated arteiies 
IS fairl) well known (fig 1) Afferent impulses are carried to the 

11 Mixter, W J , and White, J C Alcohol Injection in Angina Pectoris, 
Ann Surg 89 199 (Feb ) 1929 

12 White, J C Angina Pectoris Relief of Pam by Paravertebral Alcohol 
Block of the Upper Dorsal Sympathetic Rami, Arch Neurol & Psychiat 22 304 
(Aug ) 1929, Angina Pectoris Treatment bv Paravertebral Alcohol Injection or 
Operation Based on the Newer Concepts of Cardiac Innervation, Am J Surg 
9 98 (Julj) 1930 

13 Pletnew, D D , and Hesine, V R Paravertebral Injections for Angina 
Pectoris, Kim med 6 797, 1928 (The original of this paper was not available 
A translated abstract was obtained from the Surgeon-General’s Libraiy, Wash- 
ington, DC) Pletnew, D D Die Anwendung systematischer paravertebraler 
Injektionen bei der Behandlung der Angina Pectoris, kled Welt 4 848 (June 14) 
and 884 (June 21) 1930 

14 Cattell, R B , and Hurxthal, L M Paravertebral Alcohol Injection for 
Angina Pectoris, J A M A 92 1519 (May 4) 1929 

15 Langlej"-, J N The Sensory Nerve Fibers of the Heart and Aorta in 
Relation to Surgical Operations for the Relief of Angina Pectoris, Lancet 2 955 
(Nov 8) 1924 

16 Edgeworth, F H On a Large-Fibred Sensory Supply of the Thoracic 
and Abdominal Viscera J Phvsiol 13 260, 1892 

17 Ranson, S W The Cardiac Nerves in Angina Pectoris, Am Heart J 
1 508 (April) 1926 
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spinal cold along the caidiac blanches of the middle and nifenoi cenical 
sympathetic ganglions (middle and mferioi cardiac neiies) and pas<5 
through the s}mpathetic tiunk and into the uppei five (possibl) six) 
thoracic nerves thiough the corresponding white lami communicantes 
Thus, in accoi dance with Head’s^® demonsti ation that the pain of ms- 
ceral disease is lefeiied to the cutaneous segmental aieas in the distiibu- 
tion of the neives supplying a viscus, pain of caidiac oiigin is lefeired 
chiefly to the wall of the chest and the inner aspect of the left arm, 



Fig 1 — Diagram showing the nervous pathways concerned in the origin and 
transmission of cardiac pain Note that the superior cardiac nerve conducts onlv 
motor impulses 

corresponding to the distiibution of the hist five doisal neives Afferent 
impulses from the heart are also canned to the brain along the vagus 
and may cause pain lefeired to the head thiough communicating 
blanches to the thud, fouith and fifth cranial neives 

No affeient fibers fiom the heait to the supeiioi ceiwical s}mpathctic 
ganglion have been demonsti ated, and for the piesent the superioi 

18 Head, H On Disturbances of Sensation, vith Especial Reference to the 
Pam of Visceral Disease, Brain 16 99, 1893, 19 153, 1896 
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caidiac neive must be regaided as entirely motor In ceitam cases, 
paiticularly those of Cofifey and Brown, lelief fiom painful paroxysms 
has been obtained following the lemoval of only the superior ceivical 
sympathetic ganglion To explain this observation. Holmes and Ranson 
have advanced the hypothesis that vasoconsti ictoi fibers reach the cardiac 
plexus from this ganglion by way of the supeiior cardiac neive Undei 
these conditions, the painful seizin es aie due to coronary spasm This 
mechanism might well explain the paroxysms in patients showing at 
neciopsy no morbid changes m the heart oi in its vascular bed, as 
exemplified by the case repoited by one of us (Levy 

In view of the number of affeient pathways fiom the heart to the 
cord and the biain and with the possibility of individual vaiiation from 
a standard pattern being taken into account, the difficulty of intenuptmg 
all of these paths by ceivical sympathectomy becomes appaient On 
theoretical giounds, paravei tebral injections of alcohol should affoid a 
better chance for success with less ti auma, as they interrupt the passage 
of painful impulses at their point of entrance to the spinal cord How- 
evei, impulses can still be transmitted to the cranial neiwes thiough the 
vagus, and vasoconsti iction of the coronaries may still be possible via 
the supeiioi cardiac neive Piobably other unchaited pathwavs are con- 
cerned 

TECHNIC OF PARAVERTEBRAL INJECTIONS 

The technic emploj^ed by previous workers as well as by us is the one 
described by Labat It has been given in detail bj Swetlow,-^ and certain 
slight modifications have been suggested by White and White ® No attempt 
was made m our patients to determine into which roots injections should be 
made by mapping out areas of disturbed sensibility of the skin It Avas frequently 
impossible to delimit definite levels, and it was believed that by malang injections 
into the first five dorsal rami, the mam known sensory patliAvays to the cord 
Avere interrupted 

In all of our cases injections AA^ere made in the same Avay The patient A\'as 
placed on the right side, Avith knees bent and druAvn toAvard the chin The skin 
Avas prepared with iodine, and the spines of the first five dorsal A^ertebrae Avere 
marked Avith acnflavine Dots AA^ere made 4 cm to the left of each dorsal spine, 
and the skin was infiltrated Avith a 1 per cent solution of procaine hydrochloride 
at each of tliese points A needle 8 or 10 cm in length aaus inserted through 
each Avheal, perpendicularly to the skin, until it touched the border of the under- 
lying rib The direction of the needle AA'as then shifted so that it pointed mesially 

19 Cofifey, W B , and BroAvn, P K The Surgical Treatment of Angina 
Pectoris, Arch Int Med 31 200 (Feb ) 1923 

20 Holmes, W , and Ranson, S W Cervical Sympathectomy in Angina 
Pectoris, J Lab & Clin Med 10 183 (Dec ) 1924 

21 Levy, R L Cardiac Pam A Consideration of Its Nosologj" and Clinical 
Associations, Am Heart J 4 377 (April) 1929 

22 Labat, G Regional Anesthesia Its Technique and Clinical Application, 
Philadelphia, W B Saunders Company, 1922 

23 SAvetloAv (footnote 7, first reference) 
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at an nngk oi 45 dcgtu’s, it was then pushed in 2 cm farther In the early 
eases, a water inanoinctcr was conneeted with the needle, to ascertain whether 
the tip was within the plcnial ciMtj If oscillations corresponding to respiration 
wcic observed the needle was withdrawn and reinserted Next 5 cc of a 1 per 
cent solution ot procaine Indnuhloi idc was injected through each needle After 
an intciv d ot ten innuites 5 cc of an 80 per cent solution of alcohol w'as 
injected through eacli needle, .nui as soon as injection was completed, the needle 
was withdrawn 

Acconhnt:: In W ititc the' iiijeelKin of 5 cc ol alcohol causes the 
cle\ elopnie'tJt o! an aita ol ueetosts followed b_\ fibiosis, that is onl}^ 
about 1 cm m diiUnetoi whereas 5 cc of pi oc.uiie In diochlondc diffuses 
o\ci a somewhat wulei aiea In oidci to mfillialc with alcohol the 
icsjions Ibrou'^h whieh the lanii commumcantes pass it is cleail) impel a- 
ti\e that the mieclums be matle accuiatelv The jjiocedme is lelatnely 
simple hut U lequiies piaclicc on the cad.uer 

Kircns Ol PI Kso\ \L c\?rs 

C\s! 1 — — ViliiMi /, ngol ad, a Inker, was first seen m the Cardiac 
Chine on \pril lo PC's He hid lueii rtiinrkihh well np to the onset oi the 
pre'-eiit illne''S In \u ’la! PCS (vi>ht im iiths p.tv loiislv ), v’hile walking home 
irom work, lu h ui a <t(idcn a.t wk of jnm in the hit side oi the chest which 
rpdntcil to the kit inn m<l v ts Hci'ni*mt<.d In a s(nse oi choking and oppression 
He III! 0,1 tht str<.(.t -m d fi nl to Ik idmi iionu 1 he jnm jHisisted throughout 
the in ’ht and U .vis uhevid the loHovmg morniir hv hvjiiHlcrnnc medication 
riu intienl reinai.ad i.i bed toi three weds \i, other attack occuricd m 
Xoveinl'ei. 3d2s vine!) o’ o.i eoi’tiiud him to htd lor ivvo weeks Since tlicn, 

V dkmg o'l iveii i slnirt distnue c«r inv cxeituneiit indiiecd an attack lie 
descrihen toe pun o in MnoiP'’ on tin iii’ier I'peet oi the kit elbow and traveling 
npv ird alo IP the mm to tl i ji'noidnim 1 Ik I'atunt iko h ul altieks ot pain 
at nieht InhditKi.i o. unvl our.n Uioided rebel He had been unable to 
work lor ei'dit mo,,ths 

C .an »j of • — On t'ani'iiition tin heiil vv is loiind to he shuhllv enl irgcd to 
the left 1 he rhvthm w is i(.'’nlii 1 he sounds vveie rather weak ind had a 
t.c-1 ic (pnhtv, hnt a gallop rhvtinn v as not Ik ud The blood pressure was 
114 svst<4u md f-d dnoiohe \n eketren iidiogr.iin sfioeved inversion of Ti and 
notchiiK' of K \ tekoK cut ’tnn"r tin of the he irt slnnvcd moderate enlargement 

V nil toitnositv of the' K'lti mel jiromiiunei ol the' knob The diagnosis was 
artenosekroMs, eotemirv 'dciosis dil it ilion oi the' loi ta and old coronarv throm- 
bosis, V itl) a belled ,nveK: ireii il imaiet 

Of-crnttiui — I lie pitieiit w.is aeimittiel t<t the husint il on Mav 6, 1929 He 
was Ivcpt in lied loi fv o vetlo, dmmg wliuh he had sevcial mild att icks of pain 
lie was tlien illoweel to he* tiji .md ihenit the w ird foi a week, and his svmptoms 
increised \ piravertein il injeetion of akeihol was made on M i> 31, 1929 Thcie 
was sfijrfii disiennfeiit elnrmg the eipei itiein, and at its conehision he was in good 
condition Heiimr’s SMidronu (miosis, jilosis and enophtlialmos) was not noted 

Palnf'ciahvi Com u — On the evening after the operation was pciformed, the 
temperaUire rose to 1012 F and the hcirl rate to HO On the following day 
the temper itiire v is 101 8 F, ane! a slight elevation ranging from 100 to 101 2 F 
persisted for ten divs 'lachvcaidia was present for only three dajs On the 
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day of injection the blood pressure was 145 systolic and 95 diastolic On the 
next day it was 105 systolic and 75 diastolic, and then it gradually resumed its 
former level There were slight variations in the degree of inversion of Ti and 
in the location of the notch in Ra, but these were not striking The sensory dis- 
turbances are shown in the accompanying chart (fig 2) The patient vomited once 
and complained of severe headache He complained of pain in the left side of 
the chest, which was aggravated by respiration In the course of a week almost 
complete anesthesia of the skin corresponding to the first five thoracic segments, in 
front and in back, was observed He continued to complain of pain in the upper 
part of the left side of the chest, but there was no recurrence of the original 


A 



Fig 2 — Sensory disturbances in case 1 A, before injection The single 
cross hatching denotes hyperesthesia to touch and pain , the double hatching, 
hyperesthesia to heat and to cold B and C, one day after injection of the fiist 
five dorsal rami The hatched areas denote hypesthesia to touch, pain, heat and 
cold 

attacks On June 19, he walked briskly four times the length of the hospital 
corridor without discomfort 

The patient was seen at frequent intervals For six weeks, he continued 
to complain of pain in the region of the injections, which radiated around the 
chest to the front, but the precordial discomfort never recurred There was a 
slight “substemal heaviness” on w^alking rapidly On November 18 (six months 
after injection), he returned to his work as a baker His employer excused him 
from lifting heavy sacks of flour At this time the heart rate was 90, and the 
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rlnthm ^\a‘: regular The blood pressure %\as 142 sjstolic and 96 diastolic In 
March, 1910 (ten months aftei injection), he complained of dyspnea on walking 
m the street He ^\as gnen a course of digitalis, with much benefit The last 
’ follow-up was on October 2 si\(een months after the injection He had expe- 
rienced no pain but he still Iiccame slightly short of breath on walking rapidly 
He was working rcgularK as a baker 

C\sn 2 — H.<:lot\ — Benjamin B, aged 54, a hatmaker and porter, w-as knowm 
to ha\e had diabetes lor at least three ecars lie first noticed cardiac pain in 1925, 
four scars beiorc examm ituui 1 he attacks were prceordial and radiated to the 
leit shoulder and down the leu mn. thc\ were definitely related to exertion 
During the attacks he became cKspneic and sweated profusclj The diabetes was 
satisfactorih controlled 0\er a jieriod of three scars, sarious therapeutic mea- 
sures sscre tried lor relict irom jiain including deep roentcen thcraps administered 
to the chest but there ssas nn improsement and he ssas unable to ssork 

— I he patient s' as admitted to the hospital on Oct 23, 1929, for 
the paras ertebr il injection of alcohol The diagnosis ssas diabetes mcllitus, arterio- 
sclerosis ssitn cegonars insolsement and cardiac lupcrtroplis The heart ssas 
moderate Iv enlarged Ihc cnrdiae rlistiim ssas regular, and the sounds sscre of 
moeicrate i.iteiieits Ihc blcvd pressuie ss is Hs sestolic and 74 diastolic The 
Mnsstrm'>nn reaction oi the bleand ssas necatise 1 he electrocardiogram shossed 
no sijTiiific lilt cbiiu'es Koenti’enograiiis ot the less shossed calcification of the 
blcw*d sessels 

Of'i'iatso; e,.(i Coii''i — \ jt u isertebral injection oi ilcoliol ssas giscn on 
October 2^ Tile intient cotnjdiiiud eu mild loc.il discomiort at the tunc of 
iiijeclietu Hor.icr « sMidrcme end not deselop On ttie das follossing injection, 
the temia^raturc n to 102 2 B aid the heart rate to lOS There ssas a slight 
elcsation in tcmicrature lor fist das'- liters' ard heath lescr and tachseardia sub- 
sided Ihc ji’tient conijilnuud <if gr« it j»im m the left side of the back at the 
site of inject. en j'srliealarls t.n mosiiig the left arm There ssas a small area of 
hs jicresthc'-i.' and 'i .ismsent'-'- to redd on the leit side of the neck, ssliicli extended 
iroin the chi.i to the uigle o’' the jas' lliere ss is no recurrence of the attacks 
Ten uass alter .i^ecticn, In again eomj>laii.ed of snbstcrnal and prceordial pain, 
chicfis at iiignt , it s’a- ‘•o.mumt-, issoci ited ssitii nausea and somitmg It ssas 
not hie the jnni fro.n sshieli he iftriiicrls siilTered Ihrcc ssccks after injection 
he exj-enei’ced his first itt icI of prceordiil pain, sshich shot dossn the left arm 
and earned .n’liibness of the index and middle fingers of the left hand He ssas 
still in bed at tins tune He ssas discharged from the hospital on Nosember 22, 
three and onehilf ssetl s after the injection '\t tins time he ssas free from 
cardiac discomiort 'I here s'tre no changes in the form of the electrocardiogram 

On Decemlicr 18 he ss.is still e'lieriencing cardiac pain, but ins condition ssas 
iietter thin before injection On Tan 13, 1930 (tsso and onc-half months after 
injection), he st itcd tint the attacks sscre rectirrmg and the dssjmea ssas mereas- 
mg ^t this time, it sctniid piobahle that gradual artcrioselerotic closure of the 
left coronars s>as taking jilace 

Rcodm'SKiO}, to //(k/i/ii/ — Ihc jnticnl \s.is readmitted to the hospital on 
Janinry 13, beenise of i recurrence of the pain m the left side of the chest He 
looTed poorls '1 he blood pressure s* as 145 ssstohe and 70 diastolic There ssas 
still hspcresthesia and pain in the area supplied b> the injected rami communi- 
cantes It .ipjK ired hkels that eomiilelc degcnt'ration of the nerve roots had not 
occurred and that the piiiiful phenomena sscre due to persistent irritation Rein- 
jection V as adsised but refused 'Ihc attacks noss sscre not rches'cd by glycerjl 
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trinitrate The patient became dizzy and somewhat confused mentally, so that it 
was difficult to estimate the degree of suffering The duration of follow-up was 
only four months On February 11, it became necessary to transfer him to another 
hospital for permanent care It was thought that the cerebral symptoms were due ' 
to progressive arterial changes The patient was afforded complete relief for 
about three weeks and partial relief for three months 

Case 3 —Hxstory —Sarah Z, aged 68, a Polish housewife, was admitted to the 
hospital on April 19, 1929 She had had pneumonia six years before, which was 
followed by an abscess m the left hip that had resulted in shortening of the leg 
Cholecystectomy had been done twenty-five years previously Diabetes was dis- 
covered during the course of pneumonia For twenty-five years, she had noted 
dyspnea on exertion, together with cramphke pain in the precordia Lately the 
pain had radiated to the left arm Glyceryl trinitrate afforded relief An attack 
lasted for as long as an hour Recently she had noted swelling of the ankles, 
and she was obliged to sleep on several pillows 

Examination — The patient was obese The lungs were emphysematous The 
heart was slightly enlarged to the left, and roentgen examination showed that 
the aortic knob was prominent The heart sounds were rather weak, and there 
was a systolic blow at the apex The rhythm was regular The blood pressure 
was 140 systolic and 75 diastolic The electrocardiogram showed onlj slight left 
ventricular preponderance The diagnosis was diabetes melhtus and coronary 
sclerosis 

Course — The diabetes was readily controlled While m bed in tlie ward, tlie 
patient had several severe attacks of pain, which radiated to the neck and dowr 
the inner side of the left arm and lasted from ten minutes to one-half hour She 
cried, perspired and tossed about During the attack the blood pressure rose to 
230 systolic and 130 diastolic Am}'! nitiite and glyceryl trinitrate afforded only 
slight relief, and morphine was necessary to make her comfortable There was 
an area of marked hyperesthesia to pain, touch, heat and cold, covering the left 
side of the head, the neck, the left side of the chest and the abdomen, in front 
and in back The area of greatest intensity was in the lower part of the pre- 
cordia and tlie left axilla and to a lesser degree over the left temple and in the 
region of the left mandible 

Operation — On June 15, a paravertebral injection of alcohol was given The 
patient stood this procedure very well She experienced severe pain in the 
precordial region when alcohol was injected into the second dorsal root On the 
day following operation, the temperature rose to 100 4 F and the heart rate to 
112, but next morning both the temperature and the pulse rate were normal For 
two days there w'as moderate pain at the site of the injections, radiating around 
the left side of the chest Five days after the injection, she awoke suddenly w'lth 
a choking sensation and pain m the precordia, which radiated to the shoulder, 
the left side of the jaw and into the arm Durmg the attack, the blood pressure 
was 164 systolic and 104 diastolic Inhalation of amyl nitrite gave no relief, but 
morphine made her comfortable She had another attack on the tenth dav after 
operation, and again on the twelfth, each time with elevation of blood pressure 
Durmg the height of the last attack the blood pressure was 210 systolic and 150 
diastolic She stated that it felt as though the heart were being “squeezed like 
a ball ” She was discharged from the hospital on June 28 

Postopeiative Comse — The patient w'as seen on September 30 (three months 
after injection) Her daughter stated that she had not had an attack for seven 
weeks, and that “she was a different woman since the operation” The patient, 
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however, maintained that she was still having pain, which began in the ring 
finger and the little finger of the left hand, traveled up the arm to the neck and 
terminated in a sense of substernal oppression with choking The pain was 
unrelated to effort Walking rapidly or going up stairs caused dyspnea, and 
she felt that she was not improved The blood pressure was 158 systolic and 
94 diastolic The heart rate was 92 The heart sounds had a tic-tac, valvular 
quality There was slight edema of the ankles and legs 

Readimsswn — The patient was readmitted to the hospital on November 12, 
because of a recurrence of the cardiac attacks, symptoms of cardiac insufficiency 
and asthma The paroxysms recurred while the patient was in the hospital, and 
she became irrational and \iolent It was thought that the mental disturbance 
was due to progressive cerebral arteriosclerosis On December 11 (seven months 
after injection), she was transferred to a psychopathic hospital In this case 
there was probable partial relief for seven weeks, followed by recurrence of the 
attacks 

Case 4 — H istoi y — Samuel L , aged 35, a cutter of boxes, was first seen in the 
Cardiac Clinic on Feb 19, 1930 He had had rheumatic pains and swelling of the 
joints at intervals for four years, which on one occasion had confined him to bed 
for a week The present illness had begun eight weeks previously with sub- 
sternal pain, which radiated upward symmetrically to both sides of the chest 
and the neck and to the jans On one occasion, there was radiation to the right 
arm below the elbow The attacks were induced by slight effort and lasted from 
a few minutes to several hours , they were only slightly relieved by glyceryl 
trinitrate The patient was unable to work at his trade because of discomfort 

Examination — The patient was rather pale, but there was no dyspnea or 
cyanosis The heart was not enlarged , the rhythm was regular, and the sounds 
were of good quality There \vas a short systolic blow at the apex and at the 
aortic area The second aortic sound w'as slightly accentuated The blood 
pressure was 142 systolic and 98 diastolic There were numerous carious teeth, 
and the tonsils appeared to be badly infected An electrocardiogram showed well 
marked left ventricular preponderance and diphasic T waves in leads 1 and 2 A 
teleoroentgenogram of the heart showed slight cardiac enlargement due to 
prominence of the left ventricle The Wassermann reaction of the blood was 
negative The diagnosis w'as coronary sclerosis, chronic tonsillitis and dental 
canes 

The patient was admitted to the hospital on February 26 The infected teeth 
were removed Tonsillectomy w'as performed on March 28 In taking daily 
electrocardiograms, it w'as interesting to note slight variations in the T wave, 
particularly in lead 1 This ^\a^e changed from the inverted to the upright 
position, although no drugs w^ere given that could have modified its form On 
April 7, the patient reported that he had had no pain or discomfort since leaving 
the hospital, although he lived up two flights of stairs , however, on April 21 
(tw^o weeks later), he returned to the chine, stating that he was again very 
uncomfortable Walking induced severe pain and caused him to “crumple up” 
The discomfort was more intense than before The pain was substernal and 
radiated around the axilla to the left scapular region and to the left arm He 
was unable to work, and he was readmitted to the hospital on April 22 Even 
with rest in bed, a sense of pressure persisted in the region of the heart, although 
there was no acute pain Lumbar puncture yielded normal fluid that gave a 
negative reaction to the Wassermann test 
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On April 29, a paravertebral injection of alcohol was given The patient 
complained of the usual amount of discomfort, but he did not cough or manifest 
anv evidence of respiratory embarrassment On Ma> 1, two days later, he com- 
plained of sharp pain in the left side of the chest on inspiration The tem- 
perature was 101 2 F There were signs of fluid at the base of the left pleural 
cavity, which was confirmed by roentgen examination The horizontal level of 
the fluid suggested to Dr Reeves atelectasis of the lower part of the left lobe, 
but pneumothorax could not be seen in the upper portion of the lung At this 
time the leukocytes numbered 9,400, 53 per cent of which were polymorphonu- 
clears The signs of fluid disappeared in the course of a week There was a 
slight elevation of temperature to 100 4 F for five days The patient was sent 
home on May 10, twelve days after the injection of alcohol He was free from 
pain of cardiac origin, but he complained of discomfort in the region of the 
injection and in the axilla 

Cowse — The patient was next seen on May 26 (four weeks after injection) 
He still complained of intercostal pain and discomfort on breathing, the latter 
symptom was relieved by the placing of a tight band around the thorax He 
stated that this pain was not the same kind as that which he had experienced 
before the injection was made On June 9 (six weeks after injection), he still 
had some discomfort ov'er the left side of the chest, the pain was constant, but 
It was aggravated by walking He said that it “felt more like the pleurisy pain ” 
He was gaming weight and feeling better The blood pressure was 118 systolic 
and 82 diastolic On June 30 (two months after injection), he said that he was 
feeling wonderfully well He was entirely free from pain, and he could walk 
SIX or seven blocks slowly without discomfort and was ready to take a light 
job He failed to report for further observation, and attempts to locate him 
were unsuccessful 

In this patient, pleural effusion was observed followung the paravertebral 
injection of alcohol At the same time there was fever but not leukocytosis 
There were the usual radicular pain and hyperesthesia, but complete relief from 
the attacks of cardiac pain was obtained 

Case 5 — Hisioty — Harris C, aged 48, a restaurant keejier, vvas admitted to 
the hospital on March 22, 1930, complaining of precordial pain and dyspnea on 
exertion for the past nine years He had had scarlet fever as a child, but other- 
wise he had been well The present illness had begun nine years previously 
with pain in the left arm, w'hich occurred in cold weather and vvas relieved by 
warmth Within a short time, pain began to spread to his heart, and at times 
he noted it beneath the left eye For the past five months he had become definitely 
worse The pain was related to exertion and vvas reliev^ed by nitrites Recently, 
it had radiated to the shoulder, down the left arm and often to the neck, both 
sides of the face and the teeth At times attacks occurred at night During the 
preceding five months he had been totally' incapacitated, and he had lost 35 pounds 
(15 9 Kg) 

Eiamination — Examination show'ed slight cardiac enlargement to the left 
The rhythm vvas regular The sounds were rather weak There was no accen- 
tuation of the aortic second The blood pressure vvas 142 systolic and 70 diastolic 
The electrocardiogram showed only left ventricular preponderance The Wasser- 
mann reaction of the blood vvas negative The basal metabolic rate was -fl2 
per cent The diagnosis was coronary sclerosis and cardiac hypertrophy' 

The patient was discharged on March 28, but he vvas readmitted on April 14 
because of the persistence of symptoms He was taking about ten tablets of 
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glycer}'! trinitrate during the day and using two amyl nitrite pearls at night 
Walking for a distance of one-half block caused dyspnea He was an absolute 
invalid, and was willing to submit to any procedure for relief 

An injection of alcohol was given on April 17 The operation went smoothly, 
and there was no complaint of discomfort On the day following injection, the 
temperature rose to 103 F and the heart rate to 128, and he had a sharp chill 
He complained of severe pain in the left side of the chest, he coughed occasionally 
and said that the pain was aggravated on taking a deep breath There were 
signs of fluid in the left pleural cavity There was also definite hypesthesia of 
the left side of the chest, in front and in back, together with a well marked 
Horner’s syndrome Fluoroscopic examination of the chest showed a small amount 
of fluid in the left costophrenic angle The leukocyte count was 11,600, with 86 
per cent polymorphonuclears On the second day following injection the tem- 
perature was 101 6 F , the heart rate, 120 The blood pressure was 124 systolic 
and 72 diastolic The pain on respiration was less marked 

Course — During the following week the effusion in the left pleural cavity was 
absorbed The patient complained that the left side of the chest felt dead The 
temperature returned to normal on the fourth day The patient was allowed to 
get up gradually There was no return of cardiac pain, but a sense of pressure 
over the precordia persisted He was seen on May 19, and again on June 2, the 
latter date being six weeks after injection The pain was not as severe as before, 
but he still had nocturnal attacks Any exertion caused dyspnea and pressure 
over the lower part of tlie sternum, together with a choking sensation The arm 
hurt when he moved it, and there was a tender spot below the left nipple The 
functional capacity was unchanged, although there was some modification of the 
character of the symptoms He was unable to do any kind of work, and he felt 
that he had been little benefited by the injection During the following three 
months, he was almost entirely free from pain The attacks then recurred, and 
on October 6 (six months after injection), the condition was essentially as when 
the patient was first seen 

Case 6 — Histoiy — Abraham G, aged 68, a retired Austrian Jew, had been 
observed in the outpatient department since October, 1924, and he had received 
treatment for diabetes mellitus and syphilis He was admitted to the hospital on 
Feb 5, 1930, because of pain in the precordia This pain had been present for 
about eight years It was almost constantlj’- present as a dull ache and a sense 
of oppression, but it was aggravated by any exertion There was no dyspnea or 
edema 

Examination — The heart was slightly enlarged The rhythm was regular , 
the sounds were of fairly good quality There was no gallop rhythm and no 
accentuation of the second aortic sound The peripheral vessels showed moderate 
thickening The lungs were emphysematous The blood pressure was 165 systolic 
and 60 diastolic The Wassermann reaction of the blood was 4 plus There 
were no signs of aortitis The electrocardiogram showed slight left ventricular 
preponderance The diagnosis was coronary sclerosis, diabetes mellitus, 
emphysema of the lungs and syphilis 

Opeiation — An injection of alcohol was given on February 12 The patient 
complained of considerable discomfort during the injection, but he was in good 
condition at the termination of the operation On the day following injection, the 
temperature rose to 101 F and remained elevated for eight days There was 
also moderate tachycardia, and the heart rate ranged from 88 to 104 Following 
the injection the patient complained bitterly of pain m the back, radiating around 
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the side of the chest It was difficult to gage the severity of the symptoms, as 
he was a highly nervous person who varied his story from day to day He left 
the hospital on March 2 

Coiitse — On March 10 (one month after injection), the patient stated that the 
substernal pain was somewhat less severe, although he had had an occasional 
twinge just to the right of the midline The pam at the site of the injection 
was intense and constant, and he stated that he was unable to sleep It appeared 
that the pain of cardiac origin was partially relieved, but that neuritis was still 
causing considerable discomfort On October 6 (seven and one-half months 
after injection), he stated that he was no better than before operation This case 
must be considered a therapeutic failure Antisyphihtic treatment was resumed 

Case 7 — Hutoiy — Anna W, aged SO, a Polish housewife, w'as admitted to 
the hospital on March 12, 1930 She had been complaining of pain in the region 
of the heart for three and one-half months Pam began suddenly wffiile she was 
walking and radiated from the precordial region to the inside of both arms, to 
the ears and to the gums The pain was very severe, and it was accompanied by 
w'eakness, palpitation and fear of death The first attack lasted only a few 
minutes, but several twinges occurred that night while the patient w'as in bed 
After a free interval of two weeks, discomfort returned, and for three months 
she had been completely incapacitated The pam occurred particularly on exertion, 
but also at rest Nitrites afforded some relief There w’as no dyspnea or edema 

Examination — The patient was slightly cyanotic The heart w'as moderately 
enlarged The sounds were clear and of fair quality There w'as a musical 
systolic blow at the apex The second aortic sound w'as hollow' and slightly 
accentuated The blood pressure was 160 systolic and 100 diastolic The electro- 
cardiogram showed inversion of Ti The Wassermann test of the blood gave a 
negative result The diagnosis was coronary sclerosis, hypertension and fibrosis 
of the myocardium There was slight hyperesthesia to pressure m a localized 
area around the left nipple and over the left scapula While she was in the ward, 
the patient continued to experience pain, even at rest 

A paravertebral injection of alcohol was given on Alarch 27 The patient 
cooperated w'ell, and there was no pain during the injection On the following 
day, a definite Horner’s syndrome w'as present There was no cardiac pam and 
only slight tenderness over the site of injection The temperature on the second 
day rose to 101 6 F and the heart rate to 96 On the follow'ing daj', the tem- 
perature was 102 F and on the fourth day 101 6 F At the end of a week the 
temperature was still 100 F in the evening Hypesthesia developed over the left 
side of the chest, m front, in back and m the axilla As a result of the injection 
of alcohol, the pains in the precordia, the left arm and the left side of the neck 
disappeared However, the patient continued to have attacks of moderate pam 
under the sternum, on the inner side of the right arm and in the right side of 
the neck These attacks were accompanied by a definite rise in blood pressure, 
frequently to 200 mm of mercury 

On the tenth day after injection, the patient complained of more intense pain, 
and the temperature rose to 102 F The leukocyte count was 16,300, with 86 per 
cent polymorphonuclears An electrocardiogram taken two days later showed 
that right bundle branch block had developed, with the usual marked inversion 
of Ti This combination of observations afforded good evidence that coronary 
thrombosis had occurred, w'lth infarction of the left ventricle The patient com- 
plained of severe pain in the region of the apex, in the midsternal region and in 
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the right arm She continued to have attacks and became unstable emotionally 
Gradually, she began to improve and was finally able to sit in a chair 

It was difficult to estimate the seventy of the pains, as she described them 
poorly and was always anxious and complaining She was discharged on June 6, 
two and one-half months after injection In this case, the picture was complicated 
by acute coronary obstruction In spite of this occurrence, it should be noted 
that she was free from pain on the left side, but complained of substernal dis- 
comfort, radiating to the right arm 

On July 30 (four months after injection), she reported that there had been 
no recurrence of cardiac pain, though at times palpitation was annoying She 
complained of a constant dull ache in the shoulders and arms, which was probably 
of neuntic origin, since roentgen examination revealed well marked arthritis of the 
cervical vertebrae She was able to walk about the house and to go motoring At 
this time the blood pressure was 210 systolic and 135 diastolic 

Case 8 — Hisiojv — Arthur S, aged 58, an architect, was admitted to the 
hospital on March 7, 1930, complaining of paroxysmal pain m the sternal region 
and the epigastrium of five j'ears’ duration The present illness began suddenly, 
when he was awakened early one morning by a terrific epigastric pain, sharply 
localized This pain was relieved by a hypodermic injection Shortly thereafter, 
while hurrying for a tram, the pain recurred and made him stop The attacks 
then increased as time went on and the amount of effort which he could make 
was greatly limited During the early attacks, the pain had radiated to both 
arms, ^ and it had been worse on the right side, but lately radiation was less 
marked There had been no dyspnea or edema For eight months, he had spent 
almost all of his time m bed The slightest effort induced discomfort and he had 
a number of attacks while bedridden He also suffered considerably from gaseous 
distention and constipation The pam was always relieved by glyceryl trinitrate 

Examination — Examination showed several badly infected teeth, which were 
promptly removed The heart was not enlarged The aorta was tortuous but 
not dilated, as shown in the roentgenogram The blood pressure was 145 systolic 
and 80 diastolic The electrocardiogram showed diphasic Ta and sharply inverted 
Ts, together with notching of R" Roentgenograms of the gastro-mtestmal tract 
showed a small duodenal ulcer, but there was no blood m the stools The diag- 
nosis was coronary sclerosis and duodenal ulcer The ulcer appeared to be play- 
ing a minor role in the production of symptoms However, the patient was put 
on a Sippy regimen for ulcer 

Opeiaiion — On March 19, a paravertebral injection of alcohol was given 
When the injection was made into the fourth thoracic root, the patient exclaimed, 
“That caused a pain m my heart just like the ones I always have” Injection into 
the other roots was unattended bj’’ discomfort The procedure was well borne 
Horner's syndrome did not appear The patient had two attacks on the night 
following injection, but there was no fever or tachycardia at any time On the 
third daj’-, an area of anesthesia was noted m the back, over the lower portion 
of the scapula and in the left part of the midscapular and subscapular regions 
There was no anesthesia in the axilla or in front He continued to have mild 
attacks of pam, which were always relieved by the taking of glyceryl trinitrate, 
but these attacks occurred less frequently, and they were less disturbing He left 
the hospital on April 19, as an ambulatory patient, one month after injection 

Coinse — He was again seen on July 1 (three and one-half months after injec- 
tion) He continued to have a sense of soreness in the upper part of the left 
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axilla, although it was not tender on deep pressure The cardiac pain was much 
less frequent and less severe The worst attack usually occurred in the morning, 
after breakfast, while shaving or bathing The pain was invariably relieved by 
glyceryl trinitrate He was much stronger and more active, and he was able 
to take motor rides and to resume a certain amount of social activity He felt 
that he had been tremendously benefited by the injection and that he was con- 
tinuing to impro\e Roentgenograms of the gastro-intestinal tract showed that 
the duodenal ulcer had healed On No\ ember 3 (eight months after injection), he 
reported continued progress and planned to resume part-time w^ork 

Case 9 — Htstoiy — Max S , aged 47, a Russian machinist, was first seen m the 
Cardiac Chnic on March 26, 1930 He complained of attacks of substernal pain 
and dyspnea on exertion for the past two years The pain w’as of a twisting and 
squeezing nature, and it radiated tow'ard the left arm and hand The attacks 
gradually became more and more easily provoked, and lately they had been 
localized to the upper part of the sternum and the precordia Nitrites afforded 
relief Two vears before, he had been at another hospital, where a diagnosis was 
made of manic-depressive psychosis in the depressive stage He had not worked 
for two years 

Erammation — Roentgen examination show'ed moderate cardiac enlargement 
and moderate but diffuse dilatation of the aorta The electrocardiogram show'ed 
inversion of Ti and T: The blood pressure was 230 systolic and 120 diastolic 
There were no signs of cardiac insufficiency The diagnosis was hypertension, 
coronary sclerosis and fibrosis of the myocardium 

Opeiation — On April 10, a paravertebral injection of alcohol was given The 
patient was apprehensive and complained of some discomfort, but this was not 
severe and there were no manifestations of pleural irritation On the evening of 
operation, the temperature rose to 101 2 F , and for a w'eek thereafter it reached 
100 or 100 2 F in the afternoon A definite Horner’s syndrome developed The 
patient had slight soreness at the site of the injections He stated that the 
anterior part of the chest felt dead Objectively, there w'as hypesthesia over 
the distribution of the first five thoracic nerves on the left side, in front and 
in back There was no recurrence of the paroxysms of pain during his stay m 
the hospital, from wffiich he was discharged on April 22, twelve days after 
injection 

Cowse — The patient was seen on April 28 (eighteen days after injection) He 
had not used glyceryl trinitrate, but he stated that he had had pain m the back 
and over the precordial area Horner’s syndrome w'as still present, though less 
marked The blood pressure was 224 systolic and 116 diastolic There were 
occasional premature beats Because of his depressed state, he was examined 
by a psychiatrist, who classified him as a constitutionally inferior individual He 
w^as last seen on October 20 (six months after injection), and he still complained 
of pain all over the left side of the chest, together with a \ariety of other dis- 
comforts It was almost impossible to appraise the degree of relief, because of 
the psyxhoneurotic state The fact that he did not take glyceryl trinitrate indicated 
that he had been relieved at least m part He did not seek work 

CLINICAL FEATURES 

For detailed anal} sis, thiity-seven cases, including otu otvn, aie 
available, since Pletnew and Hesiiie repoi ted only collective i esults 
and Swetlow noted full data in but eight cases In table 1 are given 
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the essential facts, and in table 2 these facts have been summarized The 
series is small and the periods of observation aie relatively shoit, so that 
an attempt to draw general conclusions at this time would be prematuie 
Certain featuies aie woithy of biief comment 

It appeals that age, sex, the chaiacter of the pain and the duration 
of symptoms piior to injection did not materially influence the outcome 
A piepondeiant majoiity of the patients were elderly peisons, with 
aiteiiosclerosis and coionary involvement A fan estimate of the degree 


Table 2 — Pmavatcbial Injections of Alcohol Snmmaiy of Tlwty-Sevcn Cases 

in Which Data Woe Available 


Number of injections 


41 

Left side 

38 


Bight side 

3 


Etiologic type of cardiac disease 

Arteriosclerotic 


32 

Syphilitic 


4 

Kheumatie 


1 

Belief obtained 

Complete (49%) 


18 

Permanent 

15 


(to death or last known status, 6 died within 6 months) 

Temporary 

3 


Partial (43%) 


10 

Permanent 

15 


Temporary 

1 

3 

None (8%) 


Horner’s syndrome 

Present 


7 

Absent 


8 

Not noted 


22 

Untoward effects 

Pleural effusion 


2 

Postoperative collapse 


2 

Bloody e\pectoration 


1 

Operative deaths 


0 

Duration of follow up 

Less than C months 


20 

6 to 12 months 


12 

1 to 2 years 


1 

2 to 3 years 


4 


of lelief obtained may be made by avei aging the results as lecoided in 
forty-nine cases — twenty-two reported by Swetlow, eighteen from 
the Massachusetts General Hospital and nine of our own Complete 
01 almost complete relief was obtained in 51 per cent of the cases, 
impiovement was noted in 34 per cent, and m 15 pei cent the operation 
was a failure According to these figures, then, 85 pei cent of the 
patients have been benefited to some extent following injection Even 
though the pain was not completely relieved, the attacks were described 
as milder and of less fiequent occurrence In some cases, relief was 
only slight and temporary, in otheis, the result was stiikmgly success- 
ful, as 111 case 1 Even partial relief, as in case 8, enabled the patient 
to leturn to limited activity, after having been confined to bed for most 
of the time during the eight months preceding operation In one patient ® 
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who leceived injections on the light side fot dextral pain occuning after 
left-sided lelief, a 75 per cent favoiable effect was noted at the end of 
thiee yeais 

Unsuccessful results are piobably due in pait to faulty technic, with 
failuie to infiltrate the proper area, in part, perhaps, to conduction 
of pain impulses by othei unknown pathways, and possibly, also, in a 
smallei measuie, to individual anatomic vanations m the neives con- 
ceined No patient has died as the lesult of the opeiation, although 
several were ciitically ill Two died of coionaiy thiombosis within 
three weeks 

In fifteen cases, specific mention is made concerning the occuiience 
of Horner’s syndrome, it followed injection m seven instances In our 
senes of nine cases, it was obseived thiee times White and White® 
regarded this evidence of block of the uppei doisal sympathetic lami as 
a favoiable sign, but oui expeiience has not led us to stiess its 
importance 

Fiequent electiocaidiogiams weie made in oiii cases, but no changes 
weie obseived that could be directly asciibed to the effects of the injec- 
tions of alcohol Swetlow i cached a similar conclusion 

Any evidence tin owing light on the paiticular neive lOots concerned 
m the mechanism of cardiac pain has been eageily sought It was with 
paiticulai interest that we noted the lemaiks of two patients at the time 
of injection As an injection was made into the second doisal root in 
one instance, and into the fourth doisal in anothei, each patient 
exclaimed “That gave me a pain in my heait just like the ones I have 
always had ’’ In three of the cases at the Massachusetts Genei al Hos- 
pital, attacks of pain occuired while the patients weie on the table In 
one case, Spiague and Mixter ® observed that lelief was piomptly 
obtained after injections of alcohol weie made into the thud and fouith 
doisal loots, wheieas in the othei twm cases J C White"'' noted cessa- 
tion of discomfoit after injection was made into the third dorsal root 
Pletnew,’-® who gave injections into the fiist thiee or four dorsal gan- 
glions and sometimes also into the seventh and eighth cervical ganglions, 
recorded two similar experiences Several of his patients stated that “the 
needle felt as though it had pierced the heart” , and from three to five 
minutes after injection, that “the heait disappeared ” In one of his cases, 
while an injection was being made into the sixth and seventh cervical 
and the first three dorsal roots, signs of sudden cardiac weakness devel- 
oped, foi which strophanthin, camphor and caffeine w'ere given Multi- 
plication of such observations should result in the accumulation of 
important data 

24 Swetlow (footnote 7, thud reference) 

25 White (footnote 12, first reference) 
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The discomfoits and untowaid effects of paiavertebial injections of 
alcohol have not been sufficiently emphasized A majoiity of the patients 
(eight of nine in our senes) complained bitteily of pain and hypei- 
esthesia in the cutaneous distiibution of the neive roots into which 
injections weie made Pam began within twenty-foui hours, after the 
effects of the procaine hydrochloi ide had worn off, and it lasted, in some 
of our patients, for as long as six weeks This form of discomfoit, 
which was probably due to intercostal neuiitis induced by the alcohol, is 
appaiently unavoidable, though distiessing and discoui aging In a few 
cases, diathermy seemed to affoid some lelief A model ate degree of 
fever (fiom 100 to 102 F ) was also obseived in eight of our nine 
patients, and this sjmptom has been noted by others This may persist 
for a week or ten days, and may well be due to necrosis of the tissues 
induced by the alcohol Immediately following injection, and while 
still on the table, a patient of White and White ® complained of severe 
pain on the left side and of faintness He became pulseless for thirty 
minutes, but lecoveied within an hour It was thought that the reaction 
might be due m pait to the intravenous injection of procaine hydrochlo- 
ride, though the pain was believed to be of cardiac origin Mixter 
stated that he thought that m one case he put a little alcohol into the 
pleura The pain was severe and markedly increased by respiration, 
and for a short time he “was much distuibed as to the outcome” 

In two of our cases, pleural effusion developed on the left side, 
which was confiimed by roentgen examination The effusions weie 
small, and they were accompanied by considerable pain and fever , slight 
leukocytosis was found m one instance It is cuiious that the patient 
did not complain of pain or respiratoiy distress at the time the injections 
were made Theiapeutic aspiration was not necessary, and the fluid 
was absoibed within a week During the night following operation, one 
patient ® complained of mild pleural pain and raised some faintly blood- 
tinged sputum In one of Swetlow’s cases,^° pneumothorax without 
effusion followed injection Even with the utmost caie m technic, the 
point of the needle rests veiy close to the pleural cavity In the patients 
with effusion, it seems likely that the needle did not penetrate the pleuia 
but caused iriitation by contact of the alcohol with the outer surface 
In spite of these unpleasant and, at times, disturbing complications, 
the piocedure of injection is comparatively safe m skilled hands It 
has the disadvantage of being unaided by diiect visual guidance It is 
a measuie designed to relieve pain, and it must clearly be understood 
that It does not, to the best of our knowledge, affect the basic pathologic 
state Final judgment as to its value and limitations must be leserved 
until more cases have been observed over longer periods of time For 
the present it should be employed only after carefully planned medical 


26 Swetlow (footnote 7, fourth reference) 
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tieatment has failed to alleviate intense siiffeiing Patients in whom 
pain has served as a danger signal of overexertion should be warned, if 
relieved of attacks, against exceeding the functional capacity of the heart 

SUMMARY 

1 Based on fifty-seven cases reported in the literature and on nine 
that weie personally observed, a ciitical analysis has been made of the 
results of paravei tebi al injections of alcohol for relief of cardiac pain 

2 The known facts concerning the neivous mechanisms involved 
in the tiansmission of caidiac pain have been briefly stated 

3 The technic of injection, as described, is relatively simple, but it 
lequires skill acquired by experience on the cadaver The piocedure 
has the disadvantage of being unaided by visual guidance 

4 Of forty-nine cases in which adequate data are available, 51 per 
cent of the patients obtained complete or almost complete relief , 
improvement was noted in 34 per cent, and in 15 per cent the operation 
was a failuie Some patients were benefited only slightly and tempo- 
rarily , in others the result was strikingly successful In one personal 
case, theie has been complete relief from pain for sixteen months 

5 After injection, a majority of the patients suffered from hyper- 
esthesia of the wall of the chest and painful intercostal neuiitis in the 
segmental distribution of the neives into which injections were made 
At times the discomfort lasted for as long as six weeks, and it was 
appaiently unavoidable Many patients had fever following injection, 
which lasted from a few days to a week In two of our cases, effusion 
into the left pleuial cavity followed the injections 

6 Horner’s S}ndrome was obseived in seven of fifteen cases in 
which notes on this point aie available Its occurrence did not afford 
an index of the ultimate therapeutic result It tended to disappear in 
the couise of seveial weeks or months 

7 Paravei tebral iniection of alcohol offers a leasonably good hope 
of some relief to patients with paioxysmal caidiac pain Final judg- 
ment as to Its value and limitations must be reseived until more cases 
have been observed over longer periods For the present, it should be 
tried only after caiefulh planned medical tieatment has failed to allevi- 
ate intense suffering The piocedure is relatively safe, and so fai it has 
been unattended by operative fatality The method has a sounder physi- 
ologic basis and is less dangeious than ceivical sympathectomy 

8 This foim of theiapy is entiiely symptomatic So far as we know, 
the basic pathologic condition is unaltered Patients in whom pain has 
seived as a danger signal of ovei exertion should be warned, if relieved 
from attacks, against exceeding the functional capacity of the heait 
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Das Ulcus Problem im Lichte moderner Rontgenforschung By Prin 
Doz Dr H U Albrecht, Oberarzt der medizmischen Universitats-Klimk, 
Frankfurt, a-M Paper Price, 10 marks Pp 79, with 110 illustrations 
Leipzig Georg Thieme, 1930 

This monograph represents the result of combined clinical and roentgenologic 
study made on the subject of ulcer during a two j-^ear period The author shows 
himself to be thoroughly familiar with the present-day trends in Germany, particu- 
larly with the anatomic studies of Konjetzny and the radiologic w^ork of Berg 
The study is divided into two phases, clinical and x-ray The latter portion is 
excellently and adequately illustrated by means of films which emphasize the 
importance of the direct signs of ulcer 

During the period described, the author performed fluoroscopy on 1,527 patients 
with abdominal complaints of larious kinds and found roentgen evidence of gastric 
or duodenal ulcer m 23 7 per cent Ulcer was the most common abdominal lesion 
found The ratio of duodenal to gastric ulcer w^as 5 8 1 , the ratio of men and 
women afflicted was 80 99 19 01 Duodenal ulcer w^as found to be more frequent 
betw^een the ages ot 15 and 40, whereas gastric ulcer was somewdiat more common 
after 40 The lesion apparently runs a more benign course in women than m 
men, hour-glass contracture of the stomach is more common in women A 
familial story of ulcer w'as present in 21 2 per cent of the gastric lesions and in 
30 5 per cent of the duodenal lesions The author w'as unable to establish clear 
spring and autumn seasonal recurrences He concludes by revising Moynihan’s 
well knowm expression “In duodenal ulcer, the history is everything, the physical 
examination almost nothing” to read “In the diagnosis of peptic ulcer, the history 
and the x-ray are everything, the remaining clinical examinations almost nothing ” 
The work is good, and it is carefully done All students of gastro-enterologj 
will find the book of interest 

A Synopsis or Medicine By Henr^ Lethebv Tidy, MA, MD, B Ch 
(Oxon), FRCP (London), Physician to St Thomas’s Hospital Fifth 
edition, revised Cloth Price, S6 Pp 1,032, wath index New York 
William Wood & Company, 1930 

The general arrangement of the book follows that of Osier and McCrae’s 
“Principles and Practice of Medicine,” and the special arrangement of headings 
and types is on the same system as m Groves’ “S 3 mopsis of Surgery”, the book 
W'as planned as a companion volume to the latter reference 

To quote from the preface, “It is hoped that the book may be of assistance to 
those who have to revise rapidly their knowledge of medicine m general or of some 
disease m particular, to the worried student whose final examinations are within 
sight and to the hurried practitioner from whose ken they have long passed, 
possibly even to the teacher with a lecture to prepare and to the examiner who, 
for the purposes of a vive voce, desires to renew for a brief jieriod his knowledge 
of any of the essential details of medicine The ‘Synopsis’ cannot replace a text- 
book to the student, and any attempt to make it do so will inevitably lead to 
failure ” 

Each disease is defined, and a short historical sketch is given, a general con- 
sideration as to etiology, mode of infection, bacteriology, morbid anatomy, symptom- 
atology, types, complications and sequelae, diagnosis, prognosis and treatment, 
including prophylaxis, follows By means of short summaries and special headings, 
the data that are of greatest importance have been clearly indicated A full index 
has been provided 
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The Principles and Practice of Medicine Designed for the Use of 
Practitioners and Students or Medicine Originally written by the late 
Sir Wili iam Osler, Bt , M D , F R S Eleventh edition Revised by 
Thomas McCrae, M D , Professor of Medicine, Jefferson Medical College, 
Philadelphia Price, $7 50 Pp 1,237 New York D Appleton & Company, 
1930 

The eleventh edition of Osier’s “Principles and Practice of Medicine,” as 
revised by Dr Thomas McCrae, hews to the line in presenting the tundamentals 
of medicine, principally adapted for the use of the medical student, but equally 
valuable for the general practitioner as a work of ready reference 

In revising the work, Dr McCrae has been confronted by the difficult task of 
deciding how much of the new has earned the right to displace the old in keeping 
the work up to date and j^et compressed into the confines of a not too bulky 
single volume Traditionally, a definite and apparently successful effort has been 

made to retain everything that was characteristic of Osier This text was one 

of the great interests of Osier’s life, and the present edition has lost none o^ the 
original Osier flavor , this is its chief charm Although much new material has 
been added, a proper perspective in describing the average picture of disease 
processes is preserved Uniformity of style and clarity of expression particularly 
recommend the book for the use of the student In all particulars. Osier’s book 
remains the standard text, a position it has occupied for the past thirty-eight years 

A System of Clinical Medicine Dealing with the Diagnosis, Prognosis, 
AND Treatment of Diseases for Students and Practitioners By 
Dr Thomas D Savill Eighth edition Price, §10 Pp 1,017, with 167 

illustrations New York William Wood & Company, 1930 

This edition has been completely revised under the supervision of Agnes Savill 
Many of the chapters have been rewritten by Dr Savill or by other English 
physicians, and an effort has been made to bring the material up to date 

The book is fairly comprehensne and covers in a brief way most matters of 
medical interest The diseases are discussed from the standpoint of symptoms, the 
etiology, course of the disease, prognosis and treatment are dealt with later On 
the whole, the descriptions of diseases are accurate and clearly written Treat- 
ment seems to be a weak point throughout the book Many drugs that have long 
been known to be of doubtful, if any, value are mentioned as being efficacious 
There seems to be no critical discussion of therapy, and the advice is often 
misleading 

Der operierte Magen By Prof Dr Hermann Meyer-Burgdorff and Dr 
Walter Schmidt, Gottingen Paper Price, 9 60 marks Pp 114, with 146 
illustrations Leipzig Georg Thieme, 1930 

The literature on gastro-enterology heretofore has lacked an adequate presenta- 
tion of the subject of postoperative gastric disturbances In this monograph the 
authors describe their investigation of these disturbances in about 400 patients 
whose stomachs had been subjected to various operative procedures The methods 
employed were those of careful clinical study and detailed roentgenologic exami- 
nations, the technic now m vogue on the Continent being used This phase of the 
work has been done exceedingly well, for the task of obtaining definite roentgeno- 
logic information m a case in which an operation has been performed on the 
stomach is admittedly difficult The numerous illustrations are excellent 

The various procedures of gastric surgical intervention are described in turn, 
sufficient consideration being given to the technic, the disturbances that may result 
and their clinical manifestations and the changes in the form of the stomach, in 
its secretion and in its motor function Recurrent gastric carcinoma and recurrent 
peptic ulceration are discussed in detail The bibliography is splendid 

The work will interest all students of gastric disease, internists, surgeons and 
roentgenologists 
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THE RELATION OF ACHLORHYDRIA TO PERNI- 
CIOUS ANEMIA - 

ELI MOSCHCOWITZ, MD 

NEW \ORK 

Achlorh}'dria is the most constant symptom of pernicious anemia 
Indeed, the reported cases of pernicious anemia m which hydrochloric 
acid was present are so few that doubt has been laised as to their 
validity In my experience I do not recall an instance m which 
achlorhydria was absent Cases m which hydrochloric acid was present 
eventually proved to be diseases othei than pernicious anemia There- 
foie, achlorhydria may be regarded as the most decisive differential sign 
m establishing the diagnosis of pernicious anemia 

Following Hunter, until recently achlorhydria was regarded as sec- 
ondary and consequent to gastro-mtestmal sepsis of unknown origin 
With moie intensive study, it becomes evident that this view is untenable 
for the following leasons 1 If achloihydna were secondary, one 
should expect occasionally in the couise of the development of anemia 
to witness the gradual diminution of hydiochloric acid from noimal 
to subacidity and finally to achlorh}dria But such a diminution has 
not been noted At the first examination, achlorhydria is invariably 
present 2 The acid never appeals, no matter how long the remission 
Martius first conceived that achlorhydria was primary and represented 
an element m the predisposing constitution of pernicious anemia A 
host of additional observations made in the past decade indicate strongly 
that this conception is coirect 3 Achloihydna precedes the develop- 
ment of pernicious anemia Huist^ found achloihydna long before the 
onset of the clinical evidences of pernicious anemia, once, twelve years 
previously Since then numerous similar instances have been reported, 
such as the case of Faber- (ten years) and Sturtevant ^ (fourteen 
years) Riley ^ reported many such cases in ^^hlch the duration was 

' Submitted for publication, Nov 26, 1930 

1 Hurst, Arthur F , and Stewart, Mathew J Gastric and Duodenal Ulcer, 
New York, Oxford University Press, 1929 

2 Faber, K, and Gram, H C The Association of Aclulia and Anemia 
of Different Tj'^pes in Three Members of the Same Familj , Arch Int Med 34 
827 (Dec) 1924 

3 Sturtevant, M Achlorhjdria Preceding Pernicious Anemia, JAMA 
85 1638 (Nov 21) 1925 

4 Riley, W H Achlorhjdria Preceding Pernicious Anemia, JAMA 
85 1908 (Dec 12) 1925 
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from four to twenty-five yeais Connor® lefened to additional obser- 
vations and lepoited three cases in which achlorhydria preceded perni- 
cious anemia from two to eighteen years This observation explains 
the fiequency with which one obtains the history of diarihea (gas- 
trogenous) pieceding the onset of pernicious anemia Since achlorhydria 
often precedes pernicious anemia by a number of decades, the question 
arises whether achlorhydiia and the consequent anemia are congenita] 
and ti ansmissible, and therefoie familial characteristics 

A discussion of the entire relation of achlorhydria to these hereditary 
characters leaves much to be desired, for the gaps m the knowledge of 
the subject are huge Even the discovery of the existence of alchlor- 
hydria is not as simple as it appeared to be when the Ewald meal was 
the standard test The fractional test meal has considerably reduced 
the number of true cases of achlorhydria, furthermore, this residuum 
has again been shi unken by the discovery that with the neutral red 
reaction and histamine, hydrochloric acid may be demonstrated when 
it was previously absent All previous statistics as to the percentage 
incidence of achloihydria in various maladies and under normal 
conditions therefore lequire complete revision 

FAMILIAL INCIDENCE OF ACHLORHYDRIA AND OF PERNICIOUS 

ANEMIA 

No statistics are available that aie based on modern methods of 
examination The oldei statistics based on the Ewald meal are obviously 
too high In 1921, Bennet and Ryle® found an incidence of 4 per cent 
with the fractional method In 1924, Baird, Campbell and Hern' 
repoited an incidence of 3 5 pei cent with the same method I do not 
know what the peicentage of incidence would be with neutral red or 
histamine Furthermoie, as Connor® and others have shown that the 
percentage of achlorhydria increases in each decade, a “normal” figure 
for all ages offers only indifferent information Theiefore, sound sta- 
tistics on the normal incidence of achlorhydria are much desired I 
am told by Dr Asher Wmkelstein, chief of the gastro-intestmal clinic 
at Mount Smai Hospital, New Yoik, that in his clinic when repeated 
and varied fi actional test meals are used and a leaction to combined 
neutral red and histamine is elicited, the incidence of achlorhydria is 0 21 
per cent He supplied me with the following statistical data compiled 
in the achylia gastnca statistics in the gastro-intestmal clinic of Mount 
Sinai Hospital 1 All of these cases weie true achlorhydria as proved 

5 Connor, H M Hereditary Aspect of Achlorhydria in Pernicious Anemia, 
JAMA 94 606 (March 1) 1930 

6 Bennet, T I , and Ryle, J A Guy’s Hosp Rep 71 268, 1921 

7 Baird, M McC , Campbell, J H M , and Hern, J R Guy’s Hosp Rep 
74 339, 1924 
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by repeated test meals and tests with neutral red and histamine 2 The 
symptoms were vague — diarrhea, constipation, abdominal pains, anemia, 
and possible disease of the gallbladder 3 Proved cases of pernicious 
anemia, subtotal gastiectomy, caicinoma, etc, were not included In 
2,348 consecutive patients, 49 cases occurred, making the incidence 
021 per cent , there were 25 males and 24 females 

The age incidence was as follows from 20 to 30 years of age, 6 
cases, fiom 30 to 40, 9 cases, from 40 to 50, 20 cases, fiom 50 to 60 
4 cases, and fiom 60 to 70, 8 cases 

There is no doubt that achlorhydria with or without pernicious 
anemia is frequentl}'’ familial In 20 or 30 cases of pernicious anemia, 
Martinez® found achlorhydiia m both parents and m 2 or 3 members 
of the family In another family, the great grandmothei, the giand- 
mother, 4 grandchildren and 5 of the 13 greatgrandchildren had achlor- 
hydria In a small series of cases studied with Dr Crohn some years 
ago, It was found that about 40 per cent of the appaiently noimal 
children of patients with pernicious anemia had achlorhydria Hurst ® 
reported a number of cases of achlorhydria m the relatives of patients 
who had pernicious anemia or combined sclerosis Dorst repoited 
a family m which 5 members had peimcious anemia, while 4 of the 
remaining apparently noimal members showed achlorhydiia Wein- 
berg examined 22 children and 2 sisters of 12 patients with peimcious 
anemia, 9 of the childien and a sister showed achlorhydria In another 
family, 3 of the 4 children, aged 6, 10 and 14, showed achlorhydria 
Mustehn reported a family m which a case of pernicious anemia 
occurred m each of three generations A fair proportion of other 
members of the family revealed achlorhydria, some of whom presented 
an anemia of the chlorotic type Mustehn regarded achlorhydria as a 
dominant hereditary character 

The entire subject has recently been studied by Connor, who used 
the extensive resources of the Mayo Clinic With the fi actional test 
meal alone he found an incidence of 14 2 per cent of the cases of achlor- 
hydria m a series of 5,000 patients suffering from various diseases exclu- 
sive of pernicious anemia Of 154 blood relatives of persons with 
pernicious anemia, the gross percentage of those with achlorhydiia 
was 25 9 per cent Connor expressed the belief that moie than half 
of these blood relatn^es were healthy, so that the high incidence of 
achloihydria is significant Of especial significance, brought out by 
Connor’s studies, is the fact that the proportion of achlorhydria in these 

8 Martinez, P N Med ibera 1 118, 1927 

9 Hurst, A F Lancet 1 111, 1923 

10 Dorst, S E Am J M Sc 172 173, 1926 

11 Weinberg, F Ztschr f ang Anat 6 289, 1920 

12 Mustehn, O Acta med Scandinav 56 411, 1922 
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blood relatives uses with each decade, except in the sixth (see 
table) 

What the drop in the seventh decade signifies was not apparent to 
Connor He concluded 

From these figures it seems to be strongly indicated that, when correction is 
made for age and sex, achlorhydria has a distinct tendency to occur more fre- 
quently among blood relatives of patients who have pernicious anemia than among 
normal persons or among persons who have a great variety of other diseases 
This may mean that there is an inherited tendency to the occurrence of achlorhydria 
in many blood relatives of patients with pernicious anemia over and abo\e any 
such tendency among patients having various other diseases, and even among 
those having gastro-intestinal symptoms It seems unlikely, however, that the 
achlorhydria itself is inherited, but that the tendencv to its development later may 
be an inherited factor 

Achloi hydua Accoiding to Age Gioups Among Blood Relatives of Patients with 

Pei melons Anemia (Connoi) 


Age in 


Decades 

Relatn es 

10 

to 

19 

13 

20 

to 

29 

37 

30 

to 

39 

45 

40 

to 

49 

20 

50 

to 

59 

17 

60 

to 

69 

14 

70 

to 

79 

o 


Total 

154 


Subjects 


Proportion 

vith lice 

Subjects 

\\ Itli 

Hjdrochlonc 

v 1th 

Achlorhj dria; 

Acid 

Achlorlijdrla 

per Cent 

12 

1 

7 0 

32 

5 

13 5 

10 

9 

20 0 

14 

12 

40 1 

12 

5 

29 4 

0 

S 

57 1 

2 



114 

40 

25 9 


The obseivations of Connoi aie biginficant, even if, as seems likely, 
the absolute values will be somewhat less wdien moie piecise methods 
of detei mining achloi h}diia aie employed Then greatest significance 
lies in the light that they throw’- on the constitutional element in per- 
nicious anemia This wall be moie fully evident aftei the discussion 
of the heredity aspects of peimcious anemia 

THE HEREDITY OE PERNICIOUS ANEMIA 

There is no doubt that iiernicious anemia is not a congenital 
disease Pernicious anemia is piactically unknow'ii in the first decade 
and extremely rare in the second Naegeh repoited cases of per- 
nicious anemia in 3 childien, aged 8, 11 and 12 yeais He expressed 
the belief that the case of Escherich, wdio leported pernicious anemia 
in a child of 4, is not valid because the blood ciiteiia w^eie not suffi- 
ciently precise In the carefully studied senes of cases leported by 
Willson and Evans the } oungest patient was betw'^een 10 and 20 years 

13 Naegeli, O Blutkrankheiten und Blutdiagnostik, Lehrbuch der morpholo- 
gischen Hamatologie, Leipzig, Veit & Companjq 1923 

14 Willson, C R , and Evans, F A Bull Johns Hopkins Hosp 35 38, 1924 
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of age In 111 cases, none occuiied between the ages of 1 and 10 , 0 9 pei 
cent of the cases occurred between 10 and 20 , 2 7 per cent, betw een 20 
and 30 , 23 per cent, between 40 and 50, and 33 pei cent, between 50 and 
60 The decline of the rate of pernicious anemia in people past 60 >eais 
of age IS probably due to the fact, as Meulengracht said, that most 
patients die of anemia before they reach this age The familial chai- 
acter of pernicious anemia has been clearly established I have seen a 
number of such cases, while iiumeious instances were reported by 
Barker,^‘’ Grain,^' Faber and Giam,- Patek,^® Grinker,^® Dorst,^° 
Meulengracht,^® Hurst, ^ Weinberg,^’- Tscheimng,-’- Gulland and Good- 
all Tichter found a history of heredity m 4 2 per cent of 140 
patients with peinicious anemia admitted to the Eppendorf Kranken- 
haus In a series of 90 patients, Carey found that 10 gave a histoiy 
of probable pernicious anemia m the family A patient told me that 
pernicious anemia was diagnosed in 5 members of her family in thiee 
generations Levine and Ladd found that pernicious anemia was 
familial in 6 per cent of their cases Studies on the hereditary nature 
of pernicious anemia are still incomplete, because the precise diag- 
nosis of pernicious anemia has been developed comparatively recently, 
and it will require observations on three and more generations before 
it can be determined (1) whether pernicious anemia is always heiedi- 
tary or whether it is a biologic sport, (2) whether it follows the 
mendehan law, and (3) whether it is a dominant or a lecessive charactei 
Numerous instances have been reported m which pernicious anemia 
occurred in parent and child, but Mustehn’s case is apparently the only 
instance of pernicious anemia in three generations, a giandmother aged 
69, a daughter aged 44, and a gianddaughter aged 25 The difficulty 
111 determining accurately the hereditary incidence is due to the fact that 
it will never be known whether pernicious anemia might not have devel- 
oped in those who have died m early life Bringing these facts con- 

15 Meulengracht, C Am J IM Sc 169 177, 1925 

16 Barker, L F The Etiology and Treatment of Pernicious Anemia, J A 
M A 87 80 (July 10) 1926 

17 Gram, H C Ugesk f Ijegcr 91 1135, 1929 

18 Patek, A J Family Pernicious Anemia, J A M A 56 1315 (^lay 6) 

1911 

19 Gnnker, Roj R Pernicious Anemia, Achylia Gastnca and Combined 
Cord Degeneration and Their Relationship, Arch Int kled 38 292 (Sept ) 1926 

20 Meulengracht, C R Folia haemat 32 300, 1926 

21 Tscherning, R Deutsche med Wchnschr 52 707, 1926 

22 Gulland, G L , and Goodall, A The Blood, ed 3, Edinburgh, W Green 
& Son, 1925 

23 Tichter Inaugural Thesis, Berlin, 1927 

24 Care}'-, J B Minnesota !Med 9 385, 1926 

25 Levine, S A , and Ladd, W S Bull Johns Hopkins Hosp 32 254, 1921 
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ceining the hereditary and familial incidence of pernicious anemia in 
accoid with the corresponding incidence of achlorhydria, one may 
infer that there is a strong constitutional element in pernicious anemia 
in the sense that there is a ti ansmissible backgiotind foi the disease 
and that an important featuie in this element is the tendency to acquire 
achlorhydria Curiously, this element diffeis fiom other constitutional 
characteristics in that achloihydna itself is not transmissible Compie- 
hensive statistics on the gastric contents of newly boin infants are 
lacking, but pediatricians testify that achlorhydiia in infants is 
extremely lare Even in eaily childhood achlorhydria is probably 
extiemely rare Copeman and Hill"® leported 7 cases of achloihydna 
in 66 normal children between the ages of fiom 12 to 15 Katsch 
collected only a few cases One was that of a child, aged 12 He quoted 
Schmidt,^® who claimed to have seen achlorhydria in association with 
various degenerative stigmas, and Albu"® who repoited a numbei of 
cases occurring in patients below the age of 7 

THE RELATION 01 ACHLORHYDRIA TO BOTHRIOCEPH ALUS 

LATUS ANEMIA 

The hematologic and clinical pictuie of pernicious anemia and that of 
Bothiiocephalus anemia aie identical, even in respect to achloih}dria 
The question arises Is achloihydna the result, or did it piecede the 
infestation^ One cannot definitely answei this question foi the obn- 
ous leason that studies of the gastiic contents of patients previous to 
the infestation with the woim aie not available But there is abundant 

> 

cii cumstantial evidence that, as vith cryptogenetic pernicious anemia 
the so-called Both wcepJmliis variety shows a strong familial tendency 
It IS well known that m certain countries, Finland for instance, wheie 
infestation with Bothiiocephalus is extremely common, the incidence ot 
pei nicious anemia in these persons is small, being only 1 per cent accord 
mg to Tallquist Now Schaumann,®’- whose studies on Bolin wccphalus 
anemia are the most comprehensive extant, found that m onh 1 of 11 
cases studied the gastric contents leacted to the phloi oglucm-vanilhn 
test So far as I am awaie, no mass studies on the gastiic contents in 
Bothiiocephalus anemia have been done since those of Schaumann, but 
judging from the scattered casuistic reports, achloihydna has always 

26 Copeman and Hill Lancet 1 718 (April 6) 1929 

27 Katsch, G Handbuch der inneren Medizin, Berlin, Julius Spnngei 1926, 
vol 3, part 1 

28 Schmidt, quoted by Katsch (footnote 27) 

29 Albu, quoted by Katsch (footnote 27) 

30 Tallquist Ztschr f khn Med 61 427, 1907 

31 Schaumann Zur Kenntnis der sogennannten bothnocephalus ALiiamie 
Helsingfors, 1894 
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been found The case of Isaacs and Sturgis®- is paiticulaily interest- 
ing because not only did achlorhydria peisist for five months aftei 
expulsion of the woim, but the mother of the patient had tiue primary 
pernicious anemia I have been mfoimed of another case observed 
in Hamburg m which achlorh}dria was noted both before and aftei 
the expulsion of the woim Therefore, the probability is strong that 
achlorhydria is as constant an observation m Bothuocephalus as m 
piimary pernicious anemia Schaumann’s original observations on 
Bothuocephalus anemia, published m a monograph m 1894, are exceed- 
ingly valuable as a clinical and diagnostic exposition He did a remark- 
able piece of woik In 1910,®® he published a paper m which he leported 
a follow-up of the cases of Bothuocephalus anemia that he had observed 
between 1883 and 1893, that is, from seventeen to twenty-seven years 
previously This repoit is most illuminating, it repeals that the consti- 
tutional element is as manifest m Bothuocephalus anemia as m crypto- 
genetic pernicious anemia Even m his original publication, Schaumaiin, 
with remarkable acumen, suspected that there must be a constitutional 
element m Bothuocephalus anemia, because he could not undeistand 
why anemia developed m such a small percentage of patients infested 
with Bothuocephalus First Schaumaiin found that a considerable 
numbei of his patients (17 per cent) died, even after the worm was 
expelled He also found that true primary pernicious anemia later 
developed m 7 of his patients with Bothuocephalus anemia who weie 
“cured” after expelling the worm Furthernioie, he found that in 24 of 
the families, at least 2 of the members revealed clinical evidences of 
pernicious anemia, m 15 the anemia was associated with infestation 
with Bothuocephalus , m 7, it w'^as cryptogenetic, and in 2 families it ivas 
both cryptogenetic and bothriocephalic He also found, as otheis have 
since, that achlorhydiia peisisted after the expulsion of the worm 
Based on his observations, m all of his publications, even up to his 
most recent one m 1925, Schaumann®'* expiessed the belief that there 
IS a constitutional backgiound for the disease In the light of modem 
conception it is intriguing to think that it is only those patients with 
achlorhydria who acquire pernicious anemia after infestation with 
Bothuocephalus Unf oi tunately, there are a considerable number of 
facts that make one skeptical as to whether Bothuocephalus has an}- 
thmg to do with the development of the pernicious anemia These facts 
are presented m the following paiagraphs 

32 Isaacs, R , Sturgis, C C, and Smith, M Tapeworm Anemia Therapeutic 
Observations, Arch Int Med 42 313 (Sept) 1928 

33 Schaumann Deutsche med Wchnschr 36 1218, 1910 

34 Schaumann and Saltzman Handbuch des Krankheiten des Blutes und 
blutbildenden Organe, Berlin, 1925, vol 2 
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1 In certain areas of Finland wheie infestation with Botin wcephalus 
IS extremely common, affecting from one quartei to one thud of the 
population in certain districts, the numbet of patients m whom perni- 
cious anemia develops is extremely small, less than 1 per cent accord- 
ing to Schaumann and Tallquist and at the most 0 5 per cent, according 
to Ehr Strom 

2 If Bothuocephahts were an inciting agent of pernicious anemia, 
one should expect a much higher percentage of Bofhi wcephalus anemia 
as compaied to the cryptogenetic variety in countiies infested with 
Bothuocephahis Even Schaumann and Saltzman’s statistics shov 
that of 44,087 patients admitted to the Helsingfois Hospital, the total 
percentage with Bothuocephalus anemia was 0 74 and, with crypto- 
genetic anemia, 0 44, a difference that is not impiessive Even this 
narrow difference may be paitly accounted foi by the fact that the 
diagnosis depended on the finding of the eggs of the worm in the 
stool Cases have been reported by Neubecker ““ and Meyei in 
which the worm was never found after repeated antihelmmthic therapy, 
despite the constant presence of eggs in the feces 

3 The development of the anemia beais no relation to the number 
ot parasites Schaumann and Saltzman repoited a numbei of instances 
m which as many as 78 or even 90 worms Mere expelled, although the 
patient at no time had anemia 

4 Schaumann and Saltzman also leported the cases of patients who 
have overcome a so-called Bothuocephalus anemia and who yeais latei 
became leinfected ivithout pernicious anemia developing 

5 These authors and Runeberg^® lepoited the cases of seveial 
patients in mIioiii anemia impioved spontaneously even befoie the ivoim 
was expelled Sturgis and Isaacs leported a case of Bothuocephalus 
anemia in w^hich the patient recoveied undei Inei therap) before the 
MOim was expelled Saltzman®® lepoited typical i eticulocytic reactions 
in BotJmocephalus pernicious anemia aftei livei therap), vuth abiupt 
improvement m the blood pictuie agreeing with the lesults obtained b} 
livei theiapy in ciyptogenetic anemia He expiessed the belief, never- 
theless, that tapeworm anemia seems more often lesistant to liver 
therapy than does cryptogenetic anemia Furthei studies on an exten- 
sive scale of the eflect of liver therapy in so-called Botin wcephalus 
anemia as compared to therapy by expelling the woim aie desiiable 

6 The extraordinary clinical similarity between ciyptogenetic and 
Bothrwcephahis pernicious anemia, the fact that tiue pernicious anemia 

35 Ehrstrom, R Ztschr f klin Med 105 106, 1927 

36 Neubecker Inaugural Thesis, Konigsberg, 1898 

37 Meyer Med News 86 633, 1905 

38 Runeberg Deutsches Arch f Urn Med 41 304, 1887 

39 Saltzman, F Nederl tijdschr v geneesk 73 4463 1929 
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IS associated so commonly with Both) wcephalus anemia in families in 
which the lattei is present, and that in Schaumann’s collection of 14 
“cured” cases of Bothi wcephalus anemia the ciyptogenetic vaiiety devel- 
oped 111 later }eais aie circumstances that make one suspect that the two 
diseases are identical Cuiiously, even the incidence of Botlu wcephalus 
anemia accoiding to decades coi responds piecisely to that of the crip- 
togenetic vaiiety (Schaumann) Theie aie certain negative evidences 

7 Bothuocephaliis is not the only paiasite that has been hi ought 
into causal relationship with pernicious anemia , a host of other helminths 
have been reported as the “causes” of pernicious anemia, and curiously 
the number of such cases lepoited is pioportionate to the fiequency 
^\lth which the parasite is encounteied m man Thus in the order of 
frequency, cases of peinicious anemia have been lepoited due to 
Taenia sagmata, Ascans, Taema solium, Tnchocephalus dispai , Ancy- 
lostoma, Hymenolepis, Angmllula tntestinahs, Lambha intestmahs and 
Distoma hepaticum Wiemei and Deira‘‘° reported that 7 9 pei cent 
of then patients with pernicious anemia gave a previous histoi}' of 
hawng had worms (mostly Taema and Ascaiis), and that the couise 
of the disease was not influenced m the least in those in whom the worm 
was expelled It is difficult to believe that the piesence of these woims 
in patients with the blood pictuie of pernicious anemia lepiesents more 
than the meie association, according to the law of chance, of two sepa- 
late and unrelated conditions Such associations aie exceedingly com- 
mon 111 medical piactice, and often lequire consideiable ciicumspection 
It IS now undei standable why the helminthic origin of ceitam cases of 
peimcious anemia was first propounded in Finland Outside of this 
country, the total number of lepoited cases is exceedingly small, accord- 
ing to Ehrstiom only 29, and practically all of these cases weie imported 

Only one piece of evidence lends support to the belief that Bothuo- 
cephalus causes pernicious anemia, and that is the frequency with which 
cuies aie reported after expulsion of the worm Schaumann claimed 
that m about 17 pei cent of such cases failures occuried, otheis lepoited 
less, but apparently their testimony comes from insufficient observation 
and fiom a desire to make the etiologic relationship complete Fiom a 
rathei careful peiusal of the lepoited cases, I gathei that the percentage 
of failures is largei than this optimism warrants In most reported 
“cures” the subsequent histoiy is not stated With a disease of such 
a long life C 3 ^cle as pernicious anemia, it is always possible that the 
disease passed into a stage of i emission, an event that before liver 
therapy was more often spontaneous than otherwise, and that a pioper 
“follow up” would reveal a much higher percentage of failuies Cei- 
tainly the consideiable number of “cuied” cases of Both wcephalus 

40 Wiemer, P , and Derra, E ]\Ied Klin 24 168, 1928 
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anemias m which the cryptogenetic vaiiety ultimately develops adds 
support to this view 

When all these facts are taken into consideiation, it is apparent that 
a lesuivey of the entire field of Both locephalus anemia is necessaiy 
So far as the facts allow, one may justifiably say that it is not proved 
that Bothuocephahis is the origin of pernicious anemia Ehistrom 
denied such an origin entirely 

Tallquist’s experiment in which a hpoid substance deiived from 
the proglottis of the Bothuocephahis worm caused a hemolytic anemia 
has not been confirmed by Hnschfeld,^^ Schminke'*^ oi Fluiy 

THE RELATION OF ACHLORHYDRIA TO OTHER ANEMIAS 

Relation to Secondaiy oi Chloiotic Types of Anemia — Clinically, 
one IS stiuck by the frequency of anemia of the secondary or chlorotic 
types in patients with achlorhydria In a senes of 207 cases of achloi- 
hydria, Fabei found pernicious anemia in 22 In 52 cases theie was 
simple chloiotic anemia which he found extremely lesistant to treat- 
ment He did not believe that chloiotic anemia changed into pernicious 
anemia, but as it probably takes a considerable time foi pernicious 
anemia to develop aftei achlorhydiia has set in this statement must 
not to be taken too seiiously Weinberg^® repoited the obseivations on 
the blood m 77 patients with achlorhydiia In 14 per cent, the hemo- 
globin was below 80 pei cent, in 35 pei cent, the led cell count was 
below 4,500,000 in 38 pei cent, the coloi index was oier 1, and m 60 
pel cent, the leukocytes were low He fiequentl} found normoblasts, 
myelocytes, myeloblasts and poikilocytes in patients in uhom the hemo- 
globhn was normal He regarded these obseivations as repiesenting 
the early phase of pernicious anemia Mustehn lepoited achlorhydric 
membeis of families with peinicious anemia of the chloiotic type 
Meulengracht desciibed the case of a child with achloihydna, a blood 
relative in a family in which pernicious anemia was pi esent , examina- 
tion showed hemoglobin, 98 per cent, led cells, 3,000,000, color index, 
1 25 , megalocytosis , average red cell diameter, 8 8 mm , leukopenia , 
bihrubinemia, uiobihnuna, and glossitis In 50 per cent of 134 patients 
with achlorhydiia, Borgbjoerg and Lottiop found that there was an 
anemia usually of the simple type and mild In 22 the coloi index was 
over 1 Megalocytosis was found in 15 pei cent, most often in patients 

41 Tallquist Ztschr f klin Med 61 427 1907 

42 Hirschfeld, quoted by Schaumann and Saltzman (footnote 34) 

43 Schmmke, W , and Flurj’-, F Arch f exper Path u Pharmakol 64 
126, 1910-1911 

44 Flurjq F Arch f exper Path u Pharmakol 67 275, 1911-1912 

45 Weinberg, F Deutsches Arch f khn Med 126 447, 1918 

46 Borgbjoerg, A, and Lottrop, M C Hospitalstid 72 745, 1929 
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with a high hemoglobin value They expressed the belief that a careful ex- 
amination of the blood, especially m cases with a high percentage of 
hemoglobin, would probably reveal some cases of pernicious anemia m 
the eaily stage Carey investigated 23 cases of achlorhydria Thiee 
showed color indexes of ovei 1 The blood smears of those with a 
high index showed macrocytes and polychi omasia He also repoited 
4 cases m which achlorhydria> and anemia had been demonstrated foi 
various intervals of years before pernicious anemia developed One 
case in which blood counts are tabulated had shown a high index, 
although anemia was hai dly apparent Kohn examined the blood 
of 10 patients with achlorhydria proved by testing with neutral led 
He found a high color index in 9 In a few cases theie were myelo- 
cytes and in 1 a normoblast I have observed a patient who for some 
months previous to the development of the typical hematologic picture 
of pernicious anemia showed an unexplainable secondary anemia 

The entire question centers around the following problems 
1 Does pernicious anemia eventually develop m all patients with tiue 
achlorhydria^ As the majority of cases of pernicious anemia occur in 
the fourth and fifth decades, it will take an accurate study of a family 
with pernicious anemia covering three generations before this question 
can be answered 2 What is the earliest blood picture in patients in 
whom pernicious anemia develops^ Obviously, by the time the patient 
feels badly enough to piesent himself to the clinic, the disease may 
be considered already well advanced If the few observations previously 
mentioned may be accepted, one gathers that the changes in the blood 
are already profound and various in what may be called the prechnical 
stage But it is apparent that much further study is required to gam 
a propel perspective, not so much by casual examination, but more 
especially by studying the development of the changes in the blood from 
the earliest phases to the mature picture Nothing is known, for 
instance, as to when megalocytosis, probably the more constant feature 
of the examination of the blood m pernicious anemia, arises in the 
prechnical stage 

Relation of Aitificial Achlo) hyd) la to Anemia — The occasional 
reports of the hematologic pictures of pernicious anemia following arti- 
ficial achlorhydria produced by complete lesection of the stomach have 
suggested that achloihydiia bears some causal relation to anemia Such 
repoits are remaikably few, and a number of these will not pass 
criticism In Mo}'nihan’s patient, “severe anemia” developed three 
years after the lesection for cancer He ha^ one remission, but died 
within a year Autopsy revealed only an intense anemia and no recur- 

47 Kohn, E Wien klm Wchnschr 41 1221, 1928 

48 Moynihan, B Lancet 2 430, 1911 
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lence Haitmann'*^ lepoited a ^^ell observed case of complete gastric 
resection for carcinoma Achloihydria was present before the opera- 
tion Two } eai s later, the patient showed the hematologic evidences of 
pernicious anemia Dennig =“ reported the case of a man, aged 41, in 
whom the Apical blood picture of pernicious anemia with symptoms 
of the cord der eloped eight )ears after complete gastric lesection for 
ulcer He was “cured” by liver theiap}^ but died one year later from 
gangrene of the lung Hochrem leported 2 cases of lesection of the 
stomach for cancel and ulcei lespectivelj In the first patient the 
blood pictuie resembled pernicious anemia, in the second, a secondary 
anemia Both cases responded to livei therapy In Scheidel’s 
patient, pernicious anemia developed six yeais after a high and incom- 
plete gastric 1 esection Liver therapy was successful Morawitz 
leported 3 cases of anemia following gastric resection One showed 
the hematologic evidences of pernicious anemia, the second, secondary 
anemia, and the third, anemia of the aplastic variety All of the patients 
responded well to liver therapy Hurst spoke of 5 cases within his 
knowledge, 4 occurred following paitial gastrectomy, and 1, after 
gastrojejunostomy Castle®'* lefeired to 9 cases collected by Finney 
and Rienhoft,®® m which complete gastiectomy was performed, the 
patients suiMving foi at least a >eai , m 2 (Hartmann and Dennig’s 
cases) pernicious anemia apparently developed The evidence favoring 
the deielopment of pernicious anemia after complete gastrectomy 
is by no means complete Theie is no leason why a common disease 
like pernicious anemia should not be associated with maladies so com- 
mon as gastric carcinoma oi ulcer Fuithermore, gastric cancer and 
ulcei are not infrequently treated by complete or nearly complete resec- 
tion, so that the probability is hkel) , accoidmg to the law of chance, 
that pernicious anemia might occasionally seem to follow such an 
opeiation Of course, it is essential for pin poses of observation that 
the resection be complete in older to be sure that achlorhydria is 
complete In 2 of 9 such cases quoted b} Castle from Finney and 
Reinhoff’s statistics (those of Hartmann and Moymhan), pernicious 
anemia developed, a percentage that is not veiy impressive, even grant- 
ing that ]\Io)nihan’s case is a valid one of pernicious anemia, which is 
doubtful Of couise, it is possible that aftei gastiic i esection a more 

49 Hartmann, H R Am J M Sc 162 20, 1921 

50 Denmg, H Munchen med Wchnschr 76 633, 1929 

51 Hochrein, M ilunchen med Wchnschr 76 1327, 1929 

52 Scheidel, H I\Ied Klin 26 247, 1930 

53 ]\Iorawitz, P Med Khn 26 261, 1930 

54 Castle, W B , quoted by Sturgis, C C , and Isaac, R Desiccated Stom- 
ach m the Treatment of Pernicious Anemia, J A M A 93 747 (Sept 7) 1929 

55 Finney and Rienhoff, quoted by Castle, W B Brit J 1 1120, 1929 



MOSCHCOWITZ— ACHLORHYDRIA AND ANEMIA 


183 


piolonged peiiod of observation would leveal a highei peicentage 
developing pernicious anemia More suggestive is the case of Du Bois 
leported by Castle in which a blood picture of pernicious anemia vith 
achloih}diia developed m a giil aged 13, an age most unusual for the 
appearance of this disease Although she responded to liver therapy, 
other symptoms necessitated an operation, when a tight stenosis of 
the pylorus due to enlarged tuberculous glands was found Castle 
expiessed the belief that achlorhydria may have been due to stenosis 
and that pernicious anemia was the result It would be inteiestmg to 
tollow this patient to determine whether she eventually maintained the 
clinical evidences of pernicious anemia Altogether one cannot make 
a very convincing argument concerning the development of pernicious 
anemia from an artificial achlorhydria obtained by complete resection, 
even though such a contention seems reasonable To settle this piob- 
lem, better and more extensive observations are necessary 

Relation of Achloi hydi ta to the Seveie Aneima of Piegnancy — 
It is impossible to discuss this relationship with even any attempt at 
piecision because the gaps m the reported observations are large The 
not uncommon secondary and chlorotic types of anemia are not of 
interest in this paper , I shall deal with only the anemias that resemble 
the pernicious type Apparently these cases can be divided into those 
in which achlorhydria is present and those m which it is not Such 
anemias may arise m any month of pregnancy and even after partuii- 
tion Anemia may arise after the first pregnancy , indeed, Schaumann 
and Saltzman®'* hold that it is more common m primipaia than in 
multipara It may recur after each pregnancy, but Esch,^® Gurowitch 
and Naegeli reported cases m which a subsequent piegnancy or preg- 
nancies were not followed by anemia The earl)/ cessation of pregnancy 
apparently has no effect on anemia MeSwmey and Balfour, Wills 
and Mehta described a form of anemia that is common m India 
occurring more frequently in pregnant than in nonpiegnant women 
The color index is high, the blood smear shows a few nucleated led 
cells, mostly normoblasts , free hydrochloric acid is present, and there 
are no neurologic or lingual signs It is the consensus that the severe 
anemias of pregnancy respond admirably to treatment with liver 

There can hardly be any question that some of the reported cases 
of pernicious anemia following pregnancy represent chance associations 
of two rather common conditions I saw such a case seveial years ago 
The clinical picture of pernicious anemia was perfect, even as to glos- 

56 Esch, P Zentralbl f Gynak 50 857, 1926 

57 Gurowitch Inaugural Thesis, Zurich, 1912 
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sitis and achlorhydria, and the patient lesponded nicely to tieatment 
with liver Of course, it is possible that pregnancy is the inciting 
factor in patients who have achlorhydria A complete study and 
follow-up aie necessaiy before a differentiation can be made between 
cases of true Addisonian anemia and those that are not 

Relation of Achloihydna to the Anemia of Spiue-AH-eve. again 
knowledge is deficient It is well known that not only secondary anemia 
but a clinical picture closely resembling that of peinicious anemia is 
often associated with sprue, that is, these patients show the typical 
hematologic picture, achlorhydiia and glossitis According to Wood,®“ 
changes of the cord occur often in sprue, but less frequently than in 
the cryptogenetic variety It is difficult to obtain an estimate in mass 
figures of the frequency in which achlorhydiia occurs in sprue, not 
only because the determinations weie made before modern methods 
were devised, but because there are no available statistics Wood said 
that it occuis “more often than one would infer”, that it occurs in 
the late phases of the disease, and that fiee hydrochloric acid is present 
in the early stages In 6 of 13 cases Bovaird found anacidity , in 1 
patient subacidity was noted and 6 weie noimal Newham, Morris 
and Manson-Bahi reported achlorhydria in 2 of 5 obseived cases of 
sprue I am informed that in Porto Rico the percentage of achlor- 
hydiia in spiue is about 25 per cent Heglei’s“® report is interesting, 
because his patient in whom a clearcut picture of pernicious anemia with 
achlorhydria developed had had hyperchloihy dria two years earlier 
An investigation by the Bombay Commission i er ealed that about 
one half of the patients examined had achlorhydria 

In order to determine the relation of achlorhydria to the anemia 
of sprue, one would have to know ceitam othei data Foi instance, 
does achlorhydria develop in sprue or is it a precursor of the disease^ 
Does anemia occur in spiue only in the cases in which achlorhydria is 
present'? In true cases in which recovery^ occurs does the achlorhydria 
return? 'V\fiiy is it that liver theiapy as a rule is unsuccessful in the 
treatment for the anemia of sprue? Probably the reason is that the 
anemia of spiue and of pernicious anemia aie entirely separate dis- 
eases and that one does not pass into the other and vice versa, no 
matter how close the clinical resemblance may be At all events, these 
are the pi oblems that must be left f oi future study 

60 Wood, E J Am J M Sc 169 28 1925 

61 Boiaird, D A Study of Tropical Sprue, or Psilosis J A M A 77 753 
(Sept 3) 1921 

62 Newham, H B , Morns, R M, and Manson-Bahr, P H Lancet 2 269, 
1926 

63 Hegler, C Deutsche med Wchnschr 54 1505, 1928 

64 Report of Bombay Bacteriological Laboratory for the Year 1924, Bombay, 
1925 
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MECHANISM OF ACHLORHYDRIA ON 


ERYTHROPOIESIS 


The data m the preceding review suggested strongly that the altered 
gastric secretions of patients with pernicious anemia has some piofound 
effect on erythi opoiesis That achlorhydria alone is not responsible 
IS evident because hydrochloric acid is useless m the treatment foi pei- 
nicious anemia It is futile to review the various theories whereby a 
gastro-mtestmal sepsis was supposed to be induced by the absence of 
hydrochloric acid thus pioducing the anemia, because since the funda- 
mental work of Castle and Sturgis and Isaacs these theories may be 
discarded Castle showed that the incubation of normal gastric juice 
on beef muscle produced a substance that brought about a remission m 
patients with pernicious anemia precisely comparable to that produced 
liy liver therapy By well controlled experiments, he showed that 
neithei the hydrochloric acid alone nor the beef muscle alone, or both 
adimnisteied sepaiately had any eftect on the disease It seems that 
this proof establishes the fact that the achlorhydiia alone is not the 
cause for the absence of erythropoiesis, but that it represents the domi- 
nant indication of the specifically altered gastric secretion in peimcious 
anemia Castle’s work suggested that some unknown substance in 
normal gastric secretion might be the erythropoietic factor, whereupon 
Sturgis and Isaacs prepared a dry extract from the normal stomach 
of a hog which, when given to patients with pernicious anemia, pro- 
duced a characteristic response m the reticulocytes and a remission 
comparable to that obtained by liver therapy 

It would be hazardous at present to venture any theory as to the 
cause of pernicious anemia The work that has been done m the past 
few years m America is portent with many possibilities All that one 
can say at present is that pernicious anemia is partly the result of a 
deficiency and partly of a defective gastric hormone, of which achlor- 
hydria is the most tangible s}'mpton 


SUMMARY AND CONCLUSIONS 

1 Achlorhydiia is such a constant sign in pernicious anemia that 
probably no case is valid unless achlorhydria is present 

2 Achlorhydria is not the result of the disease but is primary 
Evidence for this is shown in the fact that there is no diminution of 
hydrochloric acid in the progress of a case of pernicious anemia and 
that achlorhydria is present from the onset, that achlorhydria persists 
m the stage of remission and that it has been found frequently for 
years before pernicious anemia became manifest 

65 Sturgis, C C, and Isaacs, R Desiccated Stomach in the Treatment of 
Pernicious Anemia, J A M A 93 747 (Sept 7) 1929 
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3 Achloihydria occuis noimally m a small percentage of persons 
In 01 del to determine this percentage, it is essential that mass studies 
be made with not only the fi actional method of testing gastiic secretion, 
but the tests with neutral led and histamine as well The peicentage 
of pel sons with achloihydiia appaiently inci eases with each decade 
It IS extiemely rare in childhood 

4 Achlorhydria is often present in certain families In families in 
which a case of pernicious anemia has occurred, the incidence of achlor- 
hydiia is much higher than normal As this incidence increases in each 
decade and as achlorhydria is exceptional in childhood, achlorhydria 
Itself IS not transmitted but only the tendency thereto 

5 Peinicious anemia is frequently hereditary and familial Whether 
pernicious anemia is alwa}s hereditary and whether it is a dominant 
or recessive chaiactei and ti ansmissible according to the mendehan 
law cannot be determined until such families are studied with particular 
reference to achloihydria and with accurate hematologic examinations 
being made foi three generations at least 

6 The available evidence is not convincing that Both locephahis 
lattis causes pernicious anemia There is giound for believing that 
such reported cases represent instances of true pernicious anemia that 
happen to be associated with infestation with Both wcephalns 

7 There is a definite relation between achlorhydria and anemia, 
of the peinicious, secondary and chlorotic types The blood of rela- 
tives of patients with peinicious anemia shows changes, which some- 
times may be regarded as the earliest or prechnical evidence of the 
disease For diagnostic purposes, it is important to recognize this 
piechnical phase 

8 The development of pernicious anemia after an acquired achlor- 
hydiia, for instance after complete gastric lesection, has not definitely 
been proved 

9 Many of the so-called "severe anemias” of pregnancy (exclu- 
sive of those due to hemorrhage or sepsis) repiesent cases of true per- 
nicious anemia in which the patients have become piegnant Whethei 
the pregnancy is the inciting factor in patients with a constitutional 
tendency remains to be proved 

10 The anemia of sprue is often associated with achloihydria It is 
not yet established how often achloihydiia is acquired or is a constitu- 
tional tendency in this disease 

11 Achlorhydiia is the most tangible but not the only evidence of 
the constitutional background of pernicious anemia In all piobability 
pernicious anemia represents a combination of a deficiency disease and 
a lack of a gastric hormone 



CIRCULATION IN ARTERIOVENOUS ANEURYSM 


BEFORE AND AFTER OPERATION ’ 

CARTER SMITH, MD 

ATLANTA, GA 

An aiteiio\enous fistula in the human being oileis an excellent 
oppoitunity to study the mechanics of the circulation undei noimal 
and abnormal conditions in the same person It is one of the few 
diseases of the cardiovascular system that can be alteied completel) 
and permanently by an opeiative proceduie A physiologic study of 
the circulation in patients with an aitenovenous fistula is of inteiest, 
not only because of the phenomenal changes that sometimes occur, but 
because it affords an opportunity foi a moie complete undei standing 
of othei diseases of the cardiovasculai mechanism 

These observations were undei taken in an attempt to deteimine 
the physiologic effect pioduced on the circulation by a laige fistulous 
communication of six years’ duration between the deep femoral aiteiy 
and vein The circulation was studied before and aftei obliteiation 
of the fistula by operation The secondaiy effects of this long-standing 
communication were quite marked, the heait was gieatly enlaiged, 
there was considerable sclerosis of the small vessels, and there had 
been two periods of congestive heart failure 

REVIEW OF THE LITERATURE 

During the past ten years, much expel imental work has been done 
m an effort to explain the abnormal physiology of this condition 
Detailed studies of the circulation in the dog have been made befoie 
and after expei imental production of an aitenovenous fistula Hainson, 
Dock and Holman^ found that the cardiac output of the dog was 
approximately doubled following the pioduction of an arteiiovenous 
fistula, and that closure of the fistula lesulted in a 48 pei cent decrease 
m the ciiculatoiy minute volume They believed that the caidiac 
hypertrophy associated with aitenovenous aneuiysms was due to an 
actual increase in the amount of work done by the heait and to an 

' Submitted for publication, Oct 31, 1930 

"•■From the Medical and Surgical Clinics of the Emory University Division of 
the Grady Hospital 

1 Harrison, T R , Dock, W , and Holman, Emile Experimental Studies 
in Arteriovenous Fistulae Cardiac Output, Heart 11 337, 1924 
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mciease in the total volume of blood Holman = showed that the forma- 
tion of an arteriovenous fistula is followed by an acceleration of the 
heait rate and a fall in blood pressure He also pointed out that 
excision of the fistula caused a temporary increase in both systolic 
and diastolic blood pressures with a gradual adjustment to a more 
normal systolic level and a resultant deciease in pulse pressure Hol- 
man ^ obseived also that atropine pi events letaidation in the heart 
late when the fistula is closed He concluded that the slowing of the 
heart rate was probably due to vagal stimulation, which occuis when 
the fistula is obliterated by compiession and the inci eased blood piessuie 
and blood volume distend the aorta These studies did much to explain 
the obsei vations made by Branham^ in 1890 that obliteration of the 
thrill over an ai teriovenous fistula by manual compiession pioduced 
a marked slowing of the heart late Lewis and Diuiy found a normal 
venous pressure and a decrease in the flow of blood tlnough the arms 
and skin in certain patients with an ai teriovenous anastomosis They 
thought that the cardiac hypei trophy which occuis in this condition 
was due to a deficient coronal y blood supply They showed, howevei, 
that a use in venous pressure and cardiac outjnit occurred when the 
anastomosis was quite large Since these observations were made, 
Holman “ has demonstrated that the degree of change in the general 
circulation of patients with an arteriovenous aneurysm is dependent on 
the size and duration of the fistula 

Ellis and Weiss® lately reported studies of the circulation of two 
patients with recently acquired ai teriovenous anastomosis The com- 
munication in one of then patients was 3 mm in diameter and pioduced 
the classic signs of an ai teriovenous fistula No similai studies of a 
patient with a large fistula of long standing and advanced general 
circulatory changes have been reported 

2 Holman, Emile The Physiologj of an Arteno\enous Fistula, Arch Siirg 
7 64 (July) 1923 

3 Branham, Harris H An Aneurism of the Femoral Artery Presenting a 
Strange and Unaccountable Phenomenon, Internal J Surg 2 250, 1890 

4 Lewis, T , and Drur} , A N Observations Relating to Arteriovenous 
Aneurism 1 Circulatory Manifestations in Clinical Cases with Particular Ref- 
erence to the Arterial Phenomena of Aortic Regurgitation, Heart 10 301, 1923, 
2 The Immediate Effects of an Arteriovenous Anastomosis on the Dog’s Circu- 
lation, ibid , p 365 

5 Holman, Emile Experimental Studies m Arteriovenous Fistulae, Arch 
Surg 9 822 (Nov ) 1924 

6 Ellis, Laurence B , and Weiss, Soma The Local and Systemic Effects 
of Arteriovenous Fistula on the Circulation m Man, Am Heart J 5 635, 1930 
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METHOD 

Following the method of Field, Bock, Gildea and Lathrop," twentj -three obser- 
vations were made over a period of three months These observations are divided 
as follows 

(1) First period Preoperative, patient resting in bed (six observations) 

(2) Second period Thirteen days immediately after operation, patient resting 
in bed (six observ^ations) 

(3) Third period Two months after operation (eleven observ'ations) 
Recommumcation of the fistula occurred during this time 

From these studies the following values were derived the cardiac output per 
minute and per beat, the carbon dioxide content of arterial and venous blood, the 
carbon dioxide transport per hundred cubic centimeters of blood or the arterio- 
venous difference of carbon dioxide, the respiratory minute volume, the carbon 
dioxide excretion per minute, respiratory rate, percentage of oxvgen and carbon 
dioxide of the expired air, and the basal metabolism All observations were made 
in the basal state with the patient in a semi-upright position 

RESULTS 

Cmdiac Oulput — Six obseivations made befoie operation langed 
bettveeii 9 8 liteis a minute with a stioke volume of 154 cc and 7 7 
liteis a minute with a stioke \olume of 115 cc The aveiage of these 
obseivations was 8 95 hteis a minute and 131 cc a beat 

Studies weie resumed the second da}- aftei operation and six 
observations were made dm mg the seeond period oi next thirteen 
days A sti iking deciease occuired m the cardiac output from a pie- 
opeiatne level of 8 95 to 3 76 hteis a minute, a i eduction of 58 pei 
cent Theie was a coiiesponding drop m stroke volume from 131 
to 45 cc , 01 65 pel cent The second day aftei operation a light 
built could be lieaid ovei a small aiea medial to the incision The 
bruit lemamed constant m its intensity dining this period of study 
No till ill was palpable 

In the third period of stud}, eleien observations were made ovei 
an interval of two months Dm mg this period the bunt became moie 
intense, and at the time of the last obseivation a definite thrill was 
felt ovei the area of incision Qbliteiation of the tin ill by manual 
pressuie did not change the heait late or blood pressure 

The aveiage cardiac output m the thud period of study was 6 77 
liters a minute, an mciease of 44 per cent over the immediate post- 
opeiative cardiac output of 3 76 liters a minute observed during the 
second period The stioke volume inci eased fiom 45 to 75 cc , or 
75 pei cent These observations paialleled the ph}sical signs of the 
leestabhshment of the arteiiovenous communication 

7 Field, J H , Bock A V , Gildea, E F , and Lathrop, F L The Rate 
of the Circulation of the Blood in Xormal Resting Individuals, J Chn Investi- 
gation 1 65 1924 
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Blood PiessMC — Befoie opeiation, the aveiage blood piessure was 
164 mm systolic and 59 mm diastolic, with a pulse piessuie of 105 
mm Following opeiation, theie was a drop of 16 per cent m the 
s}stohc pressure to 138 mm, while the diastolic piessuie inci eased 
56 per cent to 92 mm , a change m peicentage almost equal to the deciease 
which occurred in the caidiac output Dm mg the next ten observa- 
tions, made over a penod of one month while the patient was m the 
hospital, the blood pressuie lemained unchanged After the patient 
was dischaiged fiom the hospital, the blood piessuie inci eased to 195 
mm systolic and 110 mm diastolic Because of the sustained elevation 
of the diastolic piessuie, it was thought that this change m blood 
pressuie was a result of the coexistent aitenoscleiosis and h}pertension 
lathei than of am change which occurred in the arteiiovenous com- 
munication 

Thus it seems that the i eestablishment of the fistulous communica- 
tion did not cause any significant change m blood piessure even though 
there was an increase in the caidiac output An explanation of this 
IS not deal, but it confiims obseivations made pieiiously® that vei) 
little 1 elation exists between blood piessuie and caidiac output, even 
in the same peison 

Hcaif Rate — Obhteiation of the fistula b^ manual compiession 
lesulted m a 20 pei cent deciease in the heart late fiom 100 to 80 
beats a minute This deciease was accompanied by a consideiable 
use in both systolic and diastolic blood piessuies 

The aveiage heait late befoie opeiation Avas 67 beats a minute 
During the immediate postopeiatiA'e penod, the heart late increased 
from 67 to 85 beats a minute, oi 27 per cent This inci eased late AA^as 
maintained thioughout the lemaindei of the study, although there 
Avas a tendency foi some deciease to occui as the fistulous communica- 
tion became reestablished These lesults aie not in accoid AAith those 
of Ellis and Weiss,® who found a deciease in heait late both AAdien 
the fistula Avas tempoianly closed b} manual piessuie and also folloAAing 
permanent closuie by opeiation 

Vital Capacity — There Avas a giadual mciease m the Autal capacity 
fiom 2 4 to 4 1 liteis extending ovci the entiie penod of obseiA^ation 
This mciease Avas not diiectly i elated to any immediate change in the 
circulatoiy mechanism lesultmg fiom obhteiation of the fistula but 
was piobabl} due to impioAed ciiculatoi}'- efficiency the lesult of pio- 
longed lest in bed and closuie of the fistula 

8 Burwell, C Sidne}'-, and Smith, Caiter The Output of the Heart in 
Patients Avith Abnormal Blood Pressures, J Clm Investigation 7 1, 1929 
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Respiiatoiy Rate and j\Iinufe Volume — The average respnaton 
lates during the first and second periods of stud} A\eie 14 a minute 
Duiing the third peiiod, the lespiiatoi} late deci eased to 9 a minute 
• The respiratoi} minute volume wab 6 54 liters before opeiation, 

5 64 liters dining the second peiiod, and 4 97 liters during the thud 
period 01 last two months of obseivation Heie again, the giadual 
decrease in lespiiatoi} minute volume was piobabh i elated to a geneial 
increase in cnculatory efficiency lather than to any immediate alteration 
of the cii dilation by obliteration of the fistula 

Pei Cent of 0\ygen Ufihcatwn and Caibon Dwwde E\cietwn of 
the E'[ plied An — Coincident with the deciease in lespiratoiy late and 
minute volume there was an inciease of 9 3 pei cent m the amount of 
oxygen utilized fiom the inspiied air and an inciease of 3 6 pei cent 
111 the caibon dioxide content of the expiied an This same phenomenon 
occurs in patients recoveiing from caidiac failuie,® but is then accom- 
panied by an increase in the caibon dioxide content of alveolai an 
In this patient the alveolai air showed a deciease m the carbon dioxide 
content 

O.xygcn Consumption and Caibon Dioxide Exaction — There was 
a giadual deciease in the patient’s metabolic late dm mg his stay m 
the hospital The oxygen consumption deci eased 11 per cent and the 
caibon dioxide excretion 14 per cent This was probably the lesult 
of prolonged lest m bed, as obseivations made aftei the patient was 
dischaiged from the hospital showed an inciease m oxigen consumption 
to the level obtained ivhen the patient was fiist observed 

Cai bon Diox ide Teiaion of Ai tonal and Venous Blood — The caibon 
dioxide tension of the aiterial blood estimated fiom aheolar air show^ed 
an aieiage pieopeiative level of 39 5 mm of meicury Immediately 
followung opeiation it fell to an aieiage of 34 8 mm of meicur), a 
decrease of 12 pei cent During the thud peiiod of study there was 
an abiupt use to 37 5 mm of meicui}, an inciease of 7 7 pei cent 
This increased le\el of caibon dioxide tension in the arteiial blood 
was maintained thioughout the lemamdei of the stud} and was inter- 
preted as one of the eailiest and most definite signs of a recommunica- 
tion of the aiteiioienous communication 

Theie ivas an aveiage carbon dioxide tension of 45 5 mm of mer- 
cuiy m the venous blood before opeiation Following operation dm mg 
the second peiiod of study, there was an aceiage inciease to 47 1 mm 

9 Peters, J P Jr , and Barr, D P Studies of the Respirator^' ^Mechanism 
in Cardiac Dispnea 1 Low Alveolar Carbon Dioxide of Cardiac D\spnea, Am 
T PIusiol 54 307, 1920 2 Eftective Ventilation in Cardiac Dyspnea, ibid, p 345 
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of meicury, oi 3 5 pei cent, a much smallei change than that which 
occuried in the arterial le^el of caibon dioxide tension During the 
third period of study when a lecommunication of the fistula occurred, 
there was an increase to 44 8 mm of meicui}, oi 4 7 pei cent This 
was quite similar to the level of carbon dioxide in the venous blood 
be foie opeiation 

Caibon Dioxide Tianspoit — ^Ihe amount of carbon dioxide given 
oft in the lungs by 100 cc of blood was 2 47 pei cent by volume before 
the opeiation Immediately following operation or during the second 
peiiod of study, theie was an average increase to 5 49 per cent by 
volume, or a change of 122 pei cent Inteipieted in terms of oxygen 
transport oi the coefficient of utilization, this lepresents a remarkable 
increase m circulatory efficiency Moie than twice as much oxygen 
was being utilized fiom 100 cc of blood, and the tissue supply of 
oxygen was adequate, e^en though theie vas a deciease of 58 per cent 
in the cai diac output 

As the arterio\ enous fistula became reestablished, theie was a 
deciease in the carbon dioxide transpoit to 3 21 per cent by volume, 
a reduction of 42 pei cent This deciease m the coefficient of utilization 
was accompanied by an increase of 44 per cent m the cardiac output 
and represented a great deciease m circulatory efficiency 

The variations m the ai tenovenoiis difteience of carbon dioxide 
(carbon dioxide transpoit) that accompanied the changes m cardiac 
output were lepresented laigely'^ by fluctuations in the arterial level of 
this gas, while the venous caibon dioxide lemained relatively constant 
This IS in accord with obseivations made pieiiously that pathologic 
variations in the circulatoiy'^ minute volume show the change in the 
caibon dioxide transport to be lepresented largely by a fluctuation in 
the arteiial level of this gas In physiologic rariations of the caidiac 
output, as produced by exercise, for example, the change in the carbon 
dioxide tiansport is lepiesented laigely'^ by'’ a change in the venous level 
of this gas, while the aiteiial level lemains quite constant 

COMMENT 

The results of this study' show that an aiteriovenous fistula can 
greatly impair the efficiency of the circulation by' causing an increase 
in the cardiac output and a deciease in the coefficient of utilization This 

10 Smith, W C , Walker, G L , and Alt, H L The Cardiac Output in 
Heart Disease 1 Complete Heart Block, Auricular Fibrillation before and after 
the Restoration to Normal Rhythm, Subacute Rheumatic Fever and Chronic 
Rheumatic Valvular Disease, Arch Int Med 45 706 (Mav) 1930, 2 Effect of 
Exercise on the Circulation in Patients with Chronic Rheumatic Valvular Disease, 
Subacute Rheumatic Fever and Complete Heart Block, ibid 45 958 (June) 1930 
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fact has pieviousl) been demonsti atecl in expei imental animals b\ 
Holman and otheis That caidiac faihiie may be a lesult of this 
deci eased ciiculatoi} efficienc} is also well known 

The studies lecently lepoited by Ellis and Weiss illustiate the 
immediate effects of a lecently accpmed aiteiio\enons fistula on the 
circulation The obseivations lepoited in this papei show the secondary 
ciicLilatoiy effects of a fistula of long standing A compaiison of these 
two studies is of interest 

The arteiiovenous fistula in the patient tieated by Ellis and Weiss 
was 3 mm in width and pioduced the classic signs of this condition, 
1 e, increased pulse piessure, inci eased heait late and Branhanfis 
phenomenon The communication was, ho\\e\ei, of only one month’s 
duiation, and there was no eMdent peiipheial ^ascular damage No 
change occuried in the cardiac output befoie oi aftei opeiation 

In my patient theie was a demonsti able i eduction of 58 pei cent 
m the cardiac output following opeiative closuie of the fistula The 
aiteriovenous communication was of six \eais’ duiation, the penpheral 
Aascular damage was maiked and two peiiods of congestive heart 
failuie had occuiied 

The diffeience m my results and those of Ellis and Weiss are possibly 
due to the duiation of the aiteiio\enous fistula and the lesulting 
peiipheial vascular changes 

It seems that in some instances, as shown In Ellis and Weiss, even 
though the communication is quite laige, the penpheral vascular bed 
IS capable of adjusting the cii dilation so that noimal efficiency is still 
maintained This ciiculatoi y adjustment of the capillaiy bed is piobably 
a centially controlled function With the occuiience of geneial damage 
to the peiipheial ^asculal bed, as demonsti ated by my patient, this 
compensatory function is lost, the caidiac output inci eases and theie 
is a decrease m ciiculatorj efficienc} 

SL 

A measuie of the caidiac output and i elated \ allies w'as undei taken 
befoie and aftei opeiation in a peison wuth a laige aiteriovenous com- 
munication of SIX } ears’ duiation and wnth secondaiy cardiovasculai 
changes 

A reduction of 58 per cent in caidiac output and an inciease of 
122 pel cent in the coefficient ot utilization occuiied followang opeiative 
closure of the fistula Theie was a giadiial i ecommiinication of the 
fistula aftei opeiation This lesulted in an mciease in the caidiac 
output and a deciease m the coefficient of utilization 
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REPORT OF A CASE 

Hist 01 y — M H, a colored male laborer, aged 40 jears, was admitted to the 
Emor} University Division of the Grady Hospital on Feb 2, 1930, and discliaiged 
on April 17, 1930 Six years before admission to the hospital he w'as shot 
through the left groin wnth a pistol He w'as sent to a hospital at that time and 
remained there six weeks When discharged, he was told that he had an arterio- 
venous aneurysm Four weeks after discharge, he began to experience shortness 
of breath and sw'elling of the feet and legs This became so se\ere that he was 
forced to seek readmission to the hospital, wdiere he remained for eight weeks 
He was discharged feeling quite well The Wassermann reaction of the blood 
was strongly positive at that time and he w'as given antis\ philitic treatment as 
long as he remained m the hospital 

He was able to work for one year and a half as a laborer , then the symptoms 
of cardiac failure returned, and he was readmitted to the hospital for a period of 
five weeks At the end of this time, he returned to wmrk and w'as free from 
symptom for about three and a half jeais 

He W'as first seen m this clinic in January, 1930 At this time he had a mod- 
erate degree of cardiac failure for w'hich he was treated He failed to respond 
to treatment, how'ever, and w'as admitted to the hospital the next month 

There was a history of a penile lesion m 1918 He recened onlj local treat- 
ment at that time 

Physical ExavnnaUon — The patient was moderately dyspncic and orthopneic 
There was no detectable cyanosis Ophthalmoscopic examination show'ed normal 
disks, but the retinal arteries were moderately sclerosed The jugular veins were 
moderately distended and there w'as visible pulsation of the great vessels of tlie 
neck The respiratory rate w'as 22 per minute, the lungs w'ere clear except for a 
few medium moist rales at the bases posteriorly The heart was greatly enlarged 
The apex impulse was diffuse and heaving in the fourth, fifth and sixth inter- 
spaces extending out into the anterior axillary line The cardiac dulness was 
13 5 cm to the left, 5 cm to the right w'lth a supracardiac dulness of 6 cm The 
first sound at the apex W'as accentuated and partially replaced by a systolic mur- 
mur There was a gallop rhythm at a rate of 120 beats a minute The aortic 
second sound was accentuated and of impure quality The radial vessels were 
moderately sclerosed The blood pressures were as follows right arm, 200 mm 
systolic and 90 mm diastolic, left arm, 210 mm systolic and 90 mm diastolic 
right leg, 270 mm systolic and 90 mm diastolic, left leg, 160 mm systolic and 
50 mm diastolic 

Following manual compression and obliteration of the fistula in the left femoral 
region, the blood pressure in the right arm increased to 240 mm systolic and 100 
mm diastolic This increase was maintained for about four minutes and then 
began to return to its previous level There w'as a simultaneous slowing of the 
heart rate from 100 to 80 a minute 

The abdomen was moderately distended, the liver could be felt 6 cm below 
the costal border There w'as a small amount of free fluid in the abdomen 

In the left inguinal region there w'as a small pulsating mass about 3 cm m 
width and 6 cm in length There was a continuous thrill and bruit over this 
mass, which could be obliterated bj' manual pressure 

There w'as moderate pitting edema of both legs The superficial veins around 
the arteriovenous anastomosis were dilated, and there w'as a definite increase in 
the skin temperature of that area Dorsalis pedis pulsations were easih felt m 
both feet 
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Laboiatoiy Examinations — The urinalysis was negative the blood count was 
normal both before and after operation The blood chemistry was normal, but the 
Wassermann reaction of the blood was strongly positive A teleoroentgenogram 
at the time of admission show^ed an aortic shadow of 5 cm , the left margin 
w^as 13 cm , the right margin 5 cm , w'lth a transverse thoracic diameter of 28 
cm A second plate made one month after operation showed a definite decrease 
111 the heart shadow The measurements at that time W'ere 11 5 cm to the left, 
4 5 cm to the right, the aortic shadow was 6 cm and the transverse diameter of 
the chest, 29 cm 

Clinical Coiuxe — The patient w'as gnen digitalis and antisyphihtic treatment 
bi mouth There w'as a rapid subsidence of the edema and of the shortness of 
breath By the end of the first week in the hospital he was free from edema and 
could he flat in bed without discomfort The vital capacity had increased from 

2 4 to 3 1 liters The blood pressure was 160 mm systolic and 80 mm diastolic 

Two weeks after admission, the patient was well compensated The lungs w'ere 
clear throughout, and there w'as no peripheral edema The vital capacitj w'as 

3 4 liters, respirations w'ere 12 a minute, the heart rate w'as 72 a minute and the 
blood pressure w’as 170 mm systolic and 55 mm diastolic Studies of the cardiac 
output and related values w'ere begun at this tune 

Four weeks after the patient was admitted to the hospital. Dr J L Campbell 
performed a quadruple ligation of the femoral and deep femoral arteries and 
\eins It was impossible to isolate the direct communication between the artery 
and vein, and its actual size could not be determined There w’as considerable 
dilatation of the adjacent ^elns 

The day after operation, the patient’s general condition was good There was 
no difference in the skin temperature of the legs The blood pressure w’as 195 
mm systolic and 115 mm diastolic The heart rate was 80 a minute with an 
occasional premature beat No thrill or bruit w’as found over the site of opera- 
tion The second day after operation, the patient was able to sit up in bed A 
measure of the cardiac output w'as done in this position The fourth daj after 
operation, a faint bruit but no thrill w’as detected over a small area medial to the 
incision This bruit could be heard over a w'lder area and was more intense 
during the remainder of his sta^ in the hospital The patient remained in bed 
three weeks and repeated observations of the cardiac output w’ere made during 
this time He was discharged nine weeks after admission and w'as not seen again 
for seven weeks At this time a definite thrill and bruit were found over 
the left femoral region These could be obliterated by pressure, but there w’as 
no change in the heart rate or blood pressure He W’as free from svmptoms, and 
the vital capacitv w’as 41 liters Observations of the cardiac output were repeated 
at this time He was seen again five months later The phvsical signs w’ere 
unchanged, and he w’as capable of performing light work w'lthout discomfort 



MALIGNANT NEPHROSCLEROSIS 

PATHOGENESIS 

PHILLIP F SHAPIRO, ^I D 

CHICAGO 

In primal y arteiial liypei tension the essential renal lesion is nephio- 
sclerosis In most cases, the nephrosclerosis is in itself benign The 
chronic hypertension terminates m caidiac insufficienc}, m a cerebio- 
vascular accident, m a coronary accident or thiough some incidental 
cause In the remaining cases, the nephrosclerosis itself is the malig- 
nant, lethal factor, and the hypertensive state is closed memia 
In most cases the clinical and morphologic distinction between 
benign and malignant nephroscleiosis is shaip The group of chionic 
hypertensions that ends through some factoi other than renal insuffi- 
ciency almost always presents the well defined histologic picture of 
simple renal arteriosclerosis The group that ends in uremia is usually 
associated with a marked and abiupt, but just as well defined, change 
m the histologic picture Transitions are scanty, and so striking are 
the morphologic differences that in their original presentation of the 
subject, Volhard and Fahr postulated the addition of an altogether 
diffeient etiology and pathogenesis for the malignant foim They 
regarded the new histologic changes as inflammatory lather than 
sclerotic They conceived that benign nephrosclerosis turned into a 
malignant form and ended m uremia, when a toxic-irntative or inflam- 
matory factoi was imposed on the predisposing artenolosclerosis 

The existence of such an inflammatory-sclerotic combination form 
was hotly contested by other investigators Lohlem,- m particular, 
firmly insisted that malignant nephrosclerosis was but another form of 
benign sclerosis , both conditions were arteriolosclerotic, the same m 
etiology and in pathogenesis and differed only in the “tempo” of 
development As far as renal function was concerned, slow arterio- 
scleiosis of the kidneys was benign The slow decrease m the glomeru- 
lar blood supply led to the chaiactenstic hyaline and atrophic changes, 

Submitted for publication, Oct 31 1931 
'* From the Department of Pathology, Cook County Hospital 

1 Volhard, F, and Fahr, T Die Brightsche Nierenkrankheit, Berlin, Julius 
Springer, 1914 

2 Lohlein, M Ueber Schrumpfmeren, Beitr 7 path Anat u / allg Path 
63 570, 1917, Zur Nephrocirrhosis arteriolosclerotica, Med Klin 14 136, 1918 
Zur vascularen Nierensklerose, ibid 12 1042, 1916, Zur Pathogenese der vasku- 
laren Schrumpfniere, ibid 12 741 and 872, 1916, Erwiderung auf T Fahr s 
Aufsatz, Zentralbl f Path u path Anat 28 209, 1916 
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but did not appieciably impaii lenal function Similar but more rapidly 
developing aiteiioloscleiosis bi ought with it an abiupt glomeiular 
ischemia, which led to moie intense histologic changes and to death 
in uiemia The piocess was the same, only faster, and no new toxic 
factor had to be invoked 

Jores,“ too, believed that theie was no fundamental difterence 
between the two foims He emphasized the diftuse involvement of the 
finest vessels in malignant nephi osclerosis as compared with the focal 
mvohement and the predominant sclerosis of the laiger vessels in the 
benign foim Fishbeig,‘‘ Stein," Murphy and Grill® and the majoiity 
of authors agieed with Lohlem that both foims were scleiotic In the 
malignant foim theie was no added inflammatory factor, but only an 
acceleration of the same sclexosis In a lecent, extensive study of 
420 cases of primaiy arteiial hypei tension, including 36 cases of death 
m uiemia, Bell and Clawson* pointed out that when the uiemia had 
developed slowh, the lenal changes weie those of simple scleiotic 
atiophy They found that lapidly developing uremias weie associated 
with the moie seveie changes of malignant nephroscleiosis They 
asciibed these changes only to moie abrupt aiteiial occlusion and not 
to any added toxic factor 

Meiei ® Steinbeig,® Ask-Upmaik and others, however, could nevei 
leconcile themselves to the view that the changes m malignant nephi o- 
sclerosis weie meiely scleiotic 

The malignant foims weie found especially m )Ounger patients in 
whom theie bhould be least scleiosis The changes were so widely 
different fiom those of benign sclerosis, and they lesembled the changes 
ot focal nephi itis and of periaiteiitis nodosa so closely, that it forced 

3 lores, L Ueber die Artcriosklerose der kleiner Organartenen und ihre 
Beziehungen zur Nephritis, Virchows A,rch f path Anat 178 367, 1904 

4 Fishberg \ ]\I Anatomic Findings in Essential Hipertension, Arch 
Int Aled 35 650 (Ma^) 1925, The Arteriolar Lesions of Glomerulo-Ncphritis, 
ibid 40 80 (Jub) 1927 

5 Stern ]\I Ueber einen besonders akut lerlaufenen Fall \on Arteriolo- 
nekrose der Nieren, Virchows Arch f path Anat 251 718, 1924 

6 !Murphv, F , and Grill, J So-Called Alalignant Hypertension A Clinical 
and Morphologic Stud}, Arch Tnt Med 46 75 (July) 1930 

7 Bell, E T , and Claw'son, B J Primary Hypertension, Arch Path 5 
939 (June) 1928 

8 jMeyer, O Ueber das Vorkommeii und die Bedeutung entzuendlicher 
Gefassyeranderungen in den Nieren, Verhandl d deutsch path Gesellsch 19 
352, 1923 

9 Sternberg, B Thrombo-Angionecrotic Changes of the Kidneys in Chronic 
Nephritis, Arch Int Aled 44 272 (Aug ) 1929 

10 Ask-Upmark, E Ueber Ju^enlle inaligne Nephrosklerose und ihi Verhalt- 
nis zu Storungen in der Nierenentwicklung, Acta path et microbiol Scandinay 
6 383, 1929 



SHAPIRO— NEPHROSCLEROSIS 


2U1 


the impiession of a supenmposed toxic element Fahi, especialh, 
maintained that scleiotic ischemia could ne\ei account for the pio- 
hferative and other changes seen m the malignant foims, and that an 
added inflammatory or toxic element would have to be accepted “ 

In the long controveisy that has been waged o-vei the etiolog\ and 
pathogenesis of malignant nephiosclerosis, numeious bitter polemics 
have been exchanged, an extensive liteiature has de^ eloped and a laige 
amount of critical observation and experimentation has lieen stimulated 
Herxheinier finally suggested in this argument that questions oi 
etiology had not been sufficiently separated from those of pathogenesis 
As long as nothing definite was known (and nothing definite is }ct 
known) about the etiolog}'- of eithei the benign oi the malignant foims, 
their etiologic sepaiation oi identification was onl} a mattei of the 
subjective opinion of the individual investigator So fai, onh then 
respectne pathogeneses could be studied and compaied and questions of 
etiology should be avoided until something moie definite vas known 
He agieed with Fahr m the lecognition of the fact that aside fiom 
a high grade, slow artenolosclerosis, theie were othei aiteiiolai changes 
that could lead much more lapidly to uiemia Heixheimei pointed out 
that these changes were different from those of benign scleiosis, but he 
did not believe them to be of inflammatory origin 

At first Volhard had been led to assume a toxic basis foi the malig- 
nant changes, because of their resemblance to nephritis But wnth his 
conception that the pathogenesis of nephritis was based on glomeiulai 
ischemia, he conceded that malignant nephioscleiosis might also be 
only ischemic in oiigiii, an acceleiated foim of benign nephiosclerotic 
ischemia He therefoie lehnquished his original position ivith Fahi on 
this subject He attiibuted the onset of the renal insufficiency to a 
general and renal vasoconstiiction, wath abrupt glomeiular capillar} 
spasm Seveie glomerular ischemia led to the degenerative and leactne 
piolifeiative changes seen m the malignant foims 

11 Fahr, T Ueber atypische Befunde aus den Kapiteln des Morbus Brightn 
nebst anhangsweisen Bemerkungen zur Hypertoniefrage, Virchows Arch f path 
Anat 248 323, 1924, Pathologische Anatomic des Morbus Brightn, in Henke and 
Lubarsch Handbuch der speziellen pathologischen Anatomic und Histologic, 
Berlin, Julius Springer, 1926, vol 6 Ueber Nephrosklerose, Virchoivs Arch f 
path Anat 226 119, 1919, Ueber maligne Nierensklerose (Kombinationsform), 
Zentralbl f Path u path Anat 27 481, 1916, Ueber die Beziehungen ^on Arte- 
nolensklerose. Hypertonic und Herzhypertrophie, Virchows Arch f path Anat 
239 41, 1922, Kurze Bemerkungen zur Frage der malignen Nierensklerose, Zen- 
tralbl f Path u path Anat 28 408, 1917 

12 Herxheimei, G Niere und Hypertonic, Verhandl d deutsch path 
Gesellsch 15 211, 1912, Ueber Arteriolonekrose der Nieren, Virchows Arch f 
path Anat 25 709, 1924 

13 Volhard, F Der arterielle Hochdruck, Verhandl d deutsch Gesellsch { 
inn Med 35 134, 1923 
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It was objected that the cause of the gloineinlar ischemia could not 
he in capillaiy spasm Capillary spasm should produce the most 
maiked ischemic changes distal to the glomeiulus, Avheieas they were 
often seen only pioximal to the glomerulus m the affeient aiteriole and 
not in the glomerulus The cause of the glomerular ischemia must 
therefore he somewheie pioximal to the glomeiulus 

Klempeiei and Otani weie struck with the fact that glomerulai 
changes identical with those of malignant nephiosclerosis could he 
found in the peiiphery of lecent, aseptic, renal infarcts They 
declared “Heie, there could he no doubt as to the ischemic nature 
of these changes ” They maintained with Volhaid that benign nephio- 
scleiosis and malignant nephrosclerosis weie essentially the same and 
that both were ischemic But they traced the origin of the glomerulai 
changes in the malignant form, not to capillary spasm, hut to thiomhotic 
or piohfeiative occlusion at some point m the corresponding aflfeient 
aiteiioles They demonstrated these occlusions by painstaking serial 
sections 

The uninjected kidney, howe\ei, is not altogethei lehahle material 
fiom which to study the vascular condition of that organ Sjo\alP“ 
fixed kidne>s by the oidinaiy immersion in formaldehyde, as well as 
by injecting foimaldehyde into the renal artery He demonstrated 
great discrepancies between the histologic pictuies of the injected and 
those of the uninjected specimens Vessels that weie appaientl) 
occluded by thiombi or piohferation in the uninjected specimens were 
wideh patent in the injected ones Gustav Ricker’s obseivations, 
which were made diiectly on the living animal, also strongl} empha- 
sized that many of the histologic pictures that have been accepted as 
ischemic were only agonal oi postmortem artefacts 

In view of the foiegomg investigations, a study was attempted of 
the nephrosclei otic material available fiom 1,000 consecutive autopsies 
pel formed at the Cook County Hospital on patients over 20 years of 
age An injection method was used to check the direct obser^atlons 
In the course of this study, certain histologic changes attracted atten- 
tion, which amplified the tiansition between benign and malignant 
nephrosclei osis Analyzed on the basis of Rickei’s views, they identi- 
fied the benign and malignant foims, whatever their lespective etiologies 

14 Reference deleted by author 

15 Klemperer, P , and Otani, S Studies on Malignant Nephrosclerosis, 
personal communication Studies on Malignant Sclerosis of the Kidneys, Arch 
Path 8 559 (Sept) 1929 

16 Sjovall, E Ueber die anatoinischen Formen der Nephrosclerose, Acta 
med Scandinav 65 484, 1927 

17 Ricker, Gustav Sklerose und Hj'pertonie der innervierten Arterien, Berlin, 
Julius Springer, 1927 
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may have been, m a single pathogenesis They oftered foi both a single 
heinocl>namic mechanism, which, however, is not as commonh accepted 
ischemic, but which is a form of h 3 ^peremia with retaidation 

STATISTICAL STUDY 

Among the 1,000 autopsies, theie weie altogethei 171 cases of 
nephrosclerosis, 36 with uiemia and 135 -without uremia In 47 pei 
cent (80 cases) of the entire senes, the chionic hypei tension teimmated 
111 cardiac decompensation, m 9 per cent (16 cases) by a coronary 
accident, m 19 per cent (32 cases) b}^ a cerebral vasculai accident, m 
4 pel cent (7 cases) thiough some incidental cause and in 21 pei cent 
(36 cases) in uremia 

In the laige, extra-ui emic, so-called “benign” gioup, eight} -six 
patients, oi 64 per cent, weie over 50 }eais of age and forty-nine 
patients, or 36 per cent, weie undei 50 years of age Seventy-one pei 
cent of Klemperer and Otani’s patients were over 50 Forty-five cases, 
or 33 per cent, occuiied m women, and ninety cases, or 67 pei cent, 
in men This ratio is piactically the same as the relative propoition of 
autopsies perfoimed on men and on women, 30 and 70 per cent, 
respectively, m the entire senes Theiefoie, men were affected as 
commonly as women 

Fifty (37 per cent) of the 135 cases occuiied in coloied patients, 
and 85 (63 per cent) in white patients This percentage is exactly 
the same as that obtained at the Cook County Hospital in the entire 
senes of 1,000 cases Thus colored patients were affected as com- 
monly as white Therefoie, there was no special sexual or lacial pie- 
disposition towaid benign nephroscleiosis Forty-one cases (30 per 
cent) occuired in syphilitic patients, and 94 cases (70 per cent) 
occurred in nonsyphihtic patients Judged b) the characteristic changes 
111 the aorta, of the entire 1,000 patients only 17 per cent were syphilitic 
In the senes of nephioscleiotic jiatients, 21, oi 42 per cent, of the 50 
colored patients iveie syphilitic Nineteen, oi 22 pei cent, of the 85 
white patients weie syphilitic This lelative propoition is about the 
same as that for syphilis m colored and white patients (2 1) m the 
entire 1,000 autopsies It can be concluded that as far as the matenal 
fioni the Cook County Hospital demonstrates, syphilis is almost twnce 
as frequent in patients wnth benign nephrosclerosis as it is m those 
who do not have nephrosclerosis, and the importance of the syphilitic 
factoi IS the same in the colored as m the white patients 

Of the thirty-six patients who died of uremia, tw^enty-five, or 
69 per cent, were less than 50 years of age, while eleven, or 21 per cent 
w'eie over 50 In Klemperer and Otani’s patients, 75 per cent w^ere 
under 50 years of age This slight difference in percentage arises onh 
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fiom the slightly diflferent type of matenal which is included m the 
uiemic series in this papei With the same type of cases that Klemperei 
pieseiited, the pioportion of cases at the Cook County Hospital in which 
the patients w^eie undei 50 yeais of age is the same 74 per cent 
Klemperei and Otani found that the aveiage age of women w^as 
44 yeais, of men, 30 In this senes, e^en wdien the lesults weie 
collected foi the difteience m the type of case, the aveiage age for 
both men and wmmen -was the same, 46 years 

Twehe, oi 33 pei cent, of the uiemic patients weie syphilitic, 
twenty-foui, oi 67 pei cent, were nonsyphihtic This proportion was 
the same as that found in benign nephiosclerosis Of these twelve 
patients, seven w'^eie colored and fiAe w'^ere white, this too w’^as about 
the same relative proportion as that found foi sjphihs m benign 
sclerosis The S}philitic factor heie too w^as the same m the colored 
patients as in the wdiite ones It could be concluded that syphilis pre- 
disposes to nephroscleiosis in geneial, but no moie to the malignant 
form than to the benign 

Twent}-six, oi 72 3 per cent, of the cases occuried m coloied pei- 
sons, and 10 cases, oi 27 7 per cent, in wdiite patients Since m the 
entile 1,000 autopsies only 36 5 pei cent occuiied in coloied patients 
the incidence of nephioscleiosis wuth uiemia was twuce as frequent in 
the colored as m the white group In benign nephioscleiosis, the 
incidence in both laces w^as equal foi the lacial piopoition of cases was 
the same as in the entire 1,000 cases Theiefore, while there is no 
racial predisposition to benign nephioscleiosis, theie is a distinct pie- 
disposition of the coloied race to nephioscleiosis with uiemia 

Se^enteen, oi 47 per cent, of the cases occuried in women, nineteen 
or 53 pel cent, in men In the entire senes, only 30 per cent occuiied 
in women Collected foi this geneial peicentage. the pioportion of 
men to women m malignant nephrosclerosis was 1 2 4, while in benign 
nephroscleiosis the proportion was 1 1 Theiefoie, theie is a distinct 
piedisposition of the female sex to malignant nephiosclerosis, while no 
such piedisposition exists to the benign foim 

CLINICAL AND MORPHOLOGIC STUDY 

Among the thirty-six cases of nephioscleiosis wnth uiemia, in only 
one had the uremia been induced by simple piogressive sin inking of the 
substance of the kidne}'- until theie w’-as not enough of it left to suppoit 
life (case 35, table 1) In this case piacticall} eveiy glomeiulus w’^as 
partly oi completely hyalmized oi was invohed in peiicapsulai fibrosis 

18 McGregor, L Histological Changes in the Renal Glomerulus m Essential 
H^pertensIon, Am J Path 6 347, 1929 
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Hardly a normal glomerulus was found This type of teimmation is 
laie, because the sclerosis is slow and because the nephrosclerotic 
patient is in a constant, precarious state from many other renal and 
extrarenal vascular dangers Before the kidney shiinks to a point 
incompatible with life, the slow sclerotic process is usually stopped 
abruptly by cardiac failure, a cerebral vasculai accident, a coionaiy 
accident or through some incidental cause Long befoie marked renal 
atrophy has occurred, the prolonged strain of maintaining high blood 
pressure and the vascular changes in the myocardium sometimes lead 
to cardiac decompensation, which even of itself may not be fatal, but 
which precipitates uremia by abruptly aggravating the renal ciiculatory 
embarrassment^'’ There were four such cases in this series In tliiee 
(cases 33, 34 and 35) a moderate degiee of renal atroph}- had been 
reached About 35 per cent of the glomeiuli were partly oi completel} 
h} almized , about 25 oi 30 per cent were mvoh ed m pericapsular fibrosis 
and shrinking The lemammg 30 or 35 per cent were unchanged, 
except as they showed some degree of capillaiy dilatation A marked 
degree of capillary dilatation was prominent m the mtei tubular capil- 
laries of these kidneys, as a sign of the caidiac passive congestion that 
had precipitated the fatal renal insufficienc}’’ In one case (case 36) 
the predisposing renal sclerosis had advanced but slightly when the 
kidneys were thrown out of function and uremia was precipitated b) 
passi-ve congestion 

The majoiity of the cases ending in uremia, thirty-one of thirty-six, 
did not show enough renal atroph)'- or enough passive congestion to 
account for the renal failure The uiemic issue was determined by an 
altogether different type of renal change Twenty-three of the cases 
answered Fahr’s classic description of malignant nephrosclerosis 

Chmcal P^chiie — ^The usual clinical picture was that of cliiomc 
hypertension of long duration in patients less than 50 years of age, 
the condition occurred m women more commonly than in men and in 
colored patients more commonly than m white ones There was no 
history of previous nephritis The patients had usually been robust and 
sturdy and often had engaged m hard manual labor until a shoit time 
before admission In most cases the duration of the antecedent hypei- 
tensive phase could not be accurately determined Some of the patients 
had known that they had had a high blood piessure for from six months 
to ten years, other patients were totally unawaie of it until the time of 
admission Whenever noted, the hypei tension was almost alwa} s found 
to be constant and exceedingly high Often the condition was symptom- 
less, at other tunes it was associated with headaches, weakness, ner- 

19 Baehr, G, and Ritter, S A The Aiterial Siipph of the Kidney in 
Nephritis, Arch Path 7 458 (March) 1929 
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vousness, slight noctuiia or visual disturbances, which dragged on for 
from SIX weeks to months but which afforded no great disability to the 
patient Frequently the patients were admitted with the complaints that 
foi the last two months the symptoms had become markedly worse, with 
seveie headaches, maiked visual disturbance oi cardiac insufficiency 
Some cases, however, had passed abruptly into the terminal state with- 
out warning In others, the patients dropped so quickly into coma that 
no history could be obtained 

The terminal uremic state was rapid, progressive and relentless In 
a patient with chionic nephritis, uremic symptoms might develop and 
the patient might recover temporarily In the cases of nephrosclerosis 
with uremia no i emissions were noted once the uremic symptoms had 
liegun In many cases the duration of the major presenting symptoms 
was difficult to asceitain The average duration is estimated at five or 
six weeks, with a lange of variation of from one week to foui months 
Klemperei and Otani observed an aveiage duration of the period of 
lenal msufficienc} of thiit 3 '’-two days 

During this period, the typical symptoms of true comatose uremia 
weie manifested Nausea and vomiting, extreme weakness, restlessness 
and vaiious psychic symptoms which progressed to apath}^ and coma, 
nosebleeds, marked anemia and nocturia were legulaily noted When 
ophthalmoscopic examination was pei formed, albuminuric neuroretinitis 
was found The blood pressure rose to excessne heights, and marked 
letention of nitrogen lapidly developed The specific gravity of the 
uime sank, and all tests showed severe impairment of renal function In 
several instances, the blood chemistry was normal even two or three 
weeks befoie death The amount of iiiea nitrogen would then rise to 
40 or 50 mg per bundled cubic centimeteis one week before death, 
and by the last day oi two it might have risen to 130 mg per hundred 
cubic centimeters and even highei So rapidl) nlay this retention 
develop, that unless a chemical examination of the blood had been made 
just before death, it was found advisable to check it post mortem by 
determining the indican content of the blood An indicanemia of 3 
or 4 -f- was consideied adequate chemical evidence of uremia 

Gloss Anatomic Ohseivations — In most cases the gioss observations 
at autopsy were typical of simple uremia The characteiistic obser- 
vations that were accepted to establish the diagnosis of uremia were 
uredrosis, fibrinous pericarditis, hemorrhagic and ulcerative ileocolitis 
and petechial hemorihages m the skin, the epicardium and the mucosa 
of the bladder The heart was very large, fai exceeding the normal 

20 Monias, B L, and Shapiro, P The Value of the Indican Determination 
in the Blood in Cases of Renal Insufficiency, Arch Int Med 45 573 (April) 1930 



SHAPIRO— NEPHROSCLEROSIS 


209 


limits, with a firm, rubbery myocardium The uremic pictuie was 
usually so brief that it was free fiom incidental noteworthy compli- 
cations In a few cases, however, hemorrhage from an acute peptic 
ulcer, uremic cerebral hemoirhage or focal bronchopneumonia had 
helped to terminate the case 

The kidneys were usually of almost normal size, each weighing about 
120 Gm The capsule was but slightly adherent On separation, it 
left a diffuse, fine, evenly granular surface that was composed of small, 
irregular, purplish-brown elevations separated by narrow, deeper 
reddish-purple depressions Bright red petechiae ranging in size from 
that of a pinhead to that of a millet seed were spiinkled over the 
surface The hemorrhages were characteristic and served grossly to 
differentiate the kidneys from those in glomerulonephritis in which 
the heniorihages are smaller and resemble “flea-bites ” The cortex was 
not much reduced, being about 7 mm m width Surfaces made by 
section were light reddish-purple, mottled with lighter grayish-red areas 
Cortical markings were obscure Similar large petechiae were scattered 
over the sectioned surfaces and over the pelvic mucosa The cross- 
sections of the arcuate arteries were thickened and gaping The lenal 
arteries were markedly thickened 

Mia oscopic Ohseivations — Microscopic examination of the kidneys 
revealed that full}^ 60 per cent of the glomeruli were unchanged , about 
10 or 15 per cent were completely or partly hyahmzed, and about 
10 per cent conformed to the ordinary type of hypertensive glomerulus, 
with decrease in size, apparent increase in the pericapsular connective 
tissue and simplification of tufts From 15 to 20 per cent of the 
glomeruli, however, were enlarged to the size of a high power field 
and were fully rounded Bowman’s capsular epithelium was swollen, 
proliferated and sometimes thrown into a few layers Bowman’s spaces 
were usually narrow, but they often contained a little homogeneous, 
oxyphilic material with erythrocytes and a few leukocytes, and sometimes 
were filled with large or small hemorrhagic extravasations The 
glomerular tufts were enlarged just as m a nephritis, but m marked 
contrast to nephritis, the individual capillary loops participated irregu- 
larly m the. following changes Sometimes only a few loops were 
involved and sometimes all of them When the involvement was only 
partial, it was most frequently seen and was most severe near the 
hilus of the glomerulus 

The changes consisted of a swelling and desquamation of the 
endothelial cells, a swelling of the basement membrane and a swelling 

21 Gewert, M Ueber die Schwankungen des Herzgewichts m der verschie- 
denen Lebensaltern unter normalen und pathologischen Verhaltnissen, Jena, Gustav 
Fischer, 1929 
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and piohfeiation of the epithelial cells Fine fat droplets were deposited 
abundantly in all elements of the thickened capillary walls An occa- 
sional hyaline droplet was also noted When the changes involved an 
entile glomerulus, it closely resembled the mild mtracapillary glomerulo- 



Fig 1 — Prestatic glomerulus, with beginning necrosis There are marked focal, 
capillary dilatation (C) , slight proliferative and degenerative changes, and hyalini- 
zation of single capillary loops (/P), and early necrosis {N) Note the hemor- 
rhagic extravasation in the interstitial tissue Leitz apochromatic 4 mm , pen- 
planar 4, camera length 45 cm 


nephritis seen in older patients, as Klemperei and Otani pointed out 
Usually, however, the changes inrolved only a few loops of one 
glomerulus and left the others unchanged This focal character differ- 
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entiated it readil}^ horn nephritis in which every loop of ever} glomeui- 
lus IS ln^olved (Lohiein 

The same irregtilarit} was noted in the blood content of the indi- 
vidual capillary loops Some of the loops had apparently collapsed and 
weie fused together Some of them were widely dilated with eiythio- 
c}tes and with a small but vaiying numbei of leukocytes and desqua- 
mated endothelial cells In some glomeruli, all the capillaiies were 
widely dilated, as if the whole glomerular capillary tuft had completely 
relaxed, m otheis, only a few capillaries weie dilated When the 
dilatation was focal, it was most fiequently seen and most severe at 
the hilus of the glomerulus , this condition was associated with the most 
marked cellular changes previously described The most common site 
of the worst dilatations as well as of the most severe cellulai changes 
was the mtraglomerular part of the afferent aiteriole (fig 1) 

In addition to these changes, there were certain other stiikmg 
changes which affected but few of the enlaiged glomeruli In these 
glomeiuli, single capillar}^ loops, usually those most widely dilated and 
those near the hilus, showed a marked thickening and diffuse hyalm- 
ization of their walls, which in about 3 per cent of the glomeruli had 
advanced to an actual fibimoid necrosis In the hematoxylin and eosin 
sections, the necrotic capillary walls stained a smudgy purple, with 
fine deep blue granules of kaiyorrhectic nuclei, in contrast with the 
homogeneous, light pink c}toplasm and swollen, vesicular nuclei of 
simple h5fahnization Herxheimer called attention to these differ- 
ences, and demonstiated b}'' Weigert’s stain that this type of necrosis 
was actually associated with the appearance of a fibiinoid substance 
Fat was demonstrated in abundant, in egular droplets in the necrotic 
u alls 

Occasionally, the entire glomeiulus was involved in the necrosis 
Usually, howeier, there were only one or two necrotic loops near the 
hilus with numerous widely dilated, nonnecrotic loops at the peripheiy 
that showed only the proliferative, exudative and slight degenerative 
changes previously mentioned The necrotic loops themselves some- 
times appeared occluded, but they were usually the ones most seieiel} 
dilated When the necrosis involved many loops, there was sometimes 
an abundant infiltration of leukocytes , this was nevei seen when the 
necrosis was slight In a few cases m which entire glomeruli weie 
necrotic, fine granules of calcium were deposited, and the leukocytic 
reaction was maiked All of these changes were seen not only in 
the enlarged glomeruli, but also, occasionally, in the hypertensive 
glomeruli and even in the partly hyalinized ones 

22 Lohlein, M Ueber die entzuendbchen Veranderungen der Glomeruli 
menschhchen Nieren, Arb a d path Inst zu Leipzig, 1908 

23 Herxheimer (footnote 12, second reference) 
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When necrosis affected a glomerulus, the intraglomei ular part of the 
afferent arteriole was always severely involved The extraglomerular 
part of the afferent arteriole also was piactically always involved But 
often the arteriole alone was necrotic, and either with a dilated lumen 
or even with an apparently obstructed lumen, led to a glomerulus that 



Fig 2 — Necrotic arteriole winding toward its giomeruius, which shows no 
necrosis, but only the prenecrotic proliferative changes Despite the apparent 
arteriolar occlusion, the glomerulus is still viable Leitz apochromatic 16 mm , 
periplanar 4, camera length 45 cm 

showed no necrosis but only the proliferative and slight degenerative 
changes and the focal capillar}'^ dilatation previously mentioned (fig 2) 
In four cases onl} artenolonecrosis was found in the kidney The 
glomeruli presented all the other changes described, but no necrosis 
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The arteiiolai walls were thickened, they stained a smudgy purple, with 
fine, deep blue giantiles of nucleai disintegration, and they showed an 
extreme fatty degeneiation There was an indistinct limitation of the 
wall of the vessel and diffuse and localized aneurysmal dilatations The 



Fig 3 — Necrotic arteriole The arteriolar wall is impregnated by erythrocjtes 
and leukocytes It is surrounded by a penarteriolar nodule composed of prolif- 
erated adventitial cells and polymorphonuclear leukocytes Leitz apochromatic 
8 mm , periplaiur 4, camera length 45 cm 

necrotic aiteiiolar walls were often impregnated by eiythioc3des, and 
sometimes they were split by larger hemorrhagic extravasations, which 
extended widely into the adjacent interstitial tissue This was the basis 
for the large petechial hemorihages noted giossly In places the aiteri- 
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olar lumen was apparently obstructed , in other places it was only partly 
occluded by swollen endothelial cells, desquamated cells, erythrocytes, 
leukocytes and stiuctureless debris 

Occasionally, this fibrinoid necrosis extended proximally all the uay 
to the Ultima of the small interlobular aiteries In a few cases such 
extensive necrosis was associated with the foiniation of peiiaiteriolai 
nodules composed of swollen and proliferated adventitial cells with a 
few polymorphonuclear leukoc3des (fig 3 ) In some cases, extensive 
necrosis was found without periarteriolar reaction, but the latter was 
found only intimately associated with severe necrosis It was raiely 
present, but, when it appealed, it was diiectly propoitional to the exten- 
sn eness of the necrosis All transitions could be seen, from cases with 
moderately extensive necrosis and slight periarteiiolai infiltration, to 
those with more extensive neciosis and the well defined pictuie of a 
peiiarteriohtis nodosa 

Necrosis usually involved only a small proportion of the arterioles 
The lemainder showed only an intimal thickening with hyaline and fatty 
degeneration The large arteries, the aicuate aiteries and the intei- 
tubular arteries showed a progressnely more marked intimal thickening 
In some blanches, the thickened intima was dense, fibiotic and aiianged 
in definite layers with elastica prolif ei ation, as in the benign form of 
nephroscleiosis This ‘‘h3^perplastic intimal thickening” of Hueck-'^ 
involved the arteries and arterioles that lead to the hypertensive and 
h3^ahnized glomeruli In most of the vessels, howevei, the intimal 
thickening even exceeded that seen in benign nephioscleiosis , it was 
e\en more irregular and different in appearance The intima was thick 
but loose, and ivas composed of a pale, light blue ground substance m 
which many star-shaped cells were loosely suspended, and in which but 
few collagenous and elastic fibrils were loosety scatteied The picture 
corresponded to the “regenerative intimal thickening” of Jores, which 
Hueck cleaily outlined as being only a more lapidly developing form of 
h3'^perplastic intimal thickening These vessels were associated with the 
enlaiged necrotic or prenecrotic glomeruli described Fine fat and 
hyaline droplets were deposited in the deeper layers of the thickened 
Ultima The media was usually atrophic, but occasionall3^ it showed an 
apparent slight hypertrophy 

The convoluted tubuh showed a striking degeneration of the h3fahne 
droplets This degeneration was practically never seen in the benign 
form Man3'^ of the tubuh were filled with extravasated er3dhrocytes 
The interstitial tissue was slightly increased focalty , within it, the 

24 Hueck, W Ueber das Mesenchym, Beitr z path Anat u z allg Path 
66 330 1920, Anatomisches zur Frage nach Wesen und Ursache der Arterioskle- 
rose, Munchen med Wchnschr 67 535, 1920 
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reported by Feitis had been reported only m cases of nephrosclerosis 
with uremia Neciosis of the pancreas has also occasionally been 
reported by others ® 

In two cases, the malignant renal changes were accompanied by other 
complicating renal conditions In one case (case 22) m which there was 
generalized disseminated miliary tuberculosis, there were numerous 
miliary tubercles in the previously sclerotic kidneys In the epitheloid 
zone of these tubercles and even beyond them, necrotic and prenecrotic 
glomeruli and necrotic arterioles were found (fig 4) In case 23, 
pyelonephritis was similarly associated 

In the remaining eight cases (cases 24 to 31), there was a dis- 
crepancy in the histologic observations The clinical picture conformed 
exactly with that of classic malignant nephrosclerosis The general 
observations at autopsy were the same, except that there was usually 
some severe complication that had hastened the fatal termination The 
kidneys were grossly identical, except that the petechial hemorrhages 
were scanty or absent Microscopic examination revealed most of the 
changes already described with an even more widespread and more 
marked focal and glomerular capillary dilatation, with enlarged glo- 
meruli, proliferative and degenerative changes and intimal thickenings 
In some of the enlarged glomeruli, with markedly dilated capillary loops, 
some of the loops near the hilus showed a marked, hyaline thickening 
Actual necrosis of glomeruli or arterioles could nowhere be found In 
seven of these cases, the only suggestion of early necrosis was a slight 
smudgy purple transformation of the hyahmzed capillary loops that 
have been described In case 30, a marked preceding sclerotic paren- 
chymal atrophy was also present , this atrophy had probably contributed 
to the lenal failure 

Among the 1,000 cases in which autopsy was performed there were 
42 of glomerulonephritis Twenty-four of the patients had died in 
uremia, and 18 through some factor other than uremia In the uremic 
group there were 4 cases of chronic nephritis and 1 of subacute nephritis 
which showed the same type of glomerulonecrosis and arteriolonecrosis 
One case of chronic and one of subacute nephritis showed only arteriolo- 
necrosis (table 2) In one case of rapidly progressive subacute nephritis 
in a child 12 years of age, there was an extensive glomerulonecrosis 
and arteriolonecrosis as it is seen in the most severe cases of malignant 
nephrosclerosis, accompanied by periarteriohtis nodosa One case of 
chronic nephritis showed a focal capillary dilatation with but slight 
necrosis Four cases showed the glomerular capillary dilatation with no 

25 Feitis, H Ueber multiple Nekrosen in der Milz, Beitr z path Anat 
u z allg Path 68 297, 1921 
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suggestion of necrosis One case had piogressed to uremia through 
advanced parenchymal atiophy The rest showed no marked atrophy 
or necrosis and only an occasional dilated capillary loop The hyaline 
drop degeneration of the convoluted tubuh was as striking as m the 
cases of malignant nephrosclei osis 



Fig 5 — H valine necrosis in anemic center of an infarct Leitz apochromatic 
4 mm , periplanar 4, camera length 45 cm 


Necrosis of the glomeruli oi the arterioles was neAer seen in any of 
the cases of benign nephrosclei osis However, occasional observations 
of this kind hate been reported by others, eten by Fahr The othei 
changes howeter, were seen moie frequently In case of benign nephro- 
sclerosis that terminated through some factoi othei than uremia, an 
occasional enlarged glomerulus with slight proliferative and degenera- 
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sclerosis with necrosis These tiansitions without necrosis but with vas- 
cular dilatations strengthened the impression that benign and malignant 
nephrosclerosis were essentially the same, diftering only in the speed 
of development The feature common to all cases was the presence of 
irregular, focal, capillar}'^ dilatations 

The maiked capillary dilatations seen in the malignant and in the 
transition forms and the less marked dilatations seen in the benign 
forms suggested, however, that something was wiong with the ischemic 
hypothesis Ischemia, also, was not compatible with the proliferative 
changes observed Proliferation lequires an increased and not a 
decreased amount of nutrient fluid Indeed, the piohferative and pre- 
necrotic changes were found intimately associated with the most widely 
dilated capillaiies, and not with the ischemic ones Volhard held that 
the piohferative changes were reactions to ischemic degeneration, but 
they were often marked when there was little or no degeneration with 
them Furthermore, ischemia does not produce a fibrinoid type of necio- 
sis, but a hyaline neciosis The swollen, oxyphilic, hyaline ghosts of 
glomeiuh in the bloodless centeis of anemic infarcts (fig 5) aie 
altogether diffeient from the proliferated, degenerated and necrotic 
glomeruli, identical with those of malignant nephroscleiosis seen in the 
periphery of the infarcts (fig 6) The glomeruli are found only in 
the periphery of the recent infarcts, in the zones of hypeiemia and 
leukoc>tic infiltiation and marked circulatory distui bailees, but never 
in the anemic centers Therefore, to secure a moie reliable impression 
of the actual state of hyperemia or ischemia in the renal blood vessels 
of malignant nephrosclerosis, a series of injection experiments was 
performed 

EXPERIMENTAL INJECTION 

Renal injections have been applied many times before All wi iters 
have concuried that in nephi osclerosis renal permeability is maikedly 
reduced Rigo perfused normal and pathologic kidneys with hoi se 
serum at body temperature and at constant piessures He found that 
normally, from 90 to 200 cc of serum would pass through the vessels 
of the kidney within five minutes In sclerotic kidneys, the perfusibil- 
ity was so markedly reduced that only fiom 4 5 to 8 cc would get 
through wnthin this time 

Doenecke and Rothschild perfused kidneys with physiologic solu- 
tion of sodium chloride at body temperature, but at varying pressuies 

27 Rigo A Untersuchungen uber die postmortale Durchstromungskapazitat 
des Nierenblutgefass-Systems bei verschiedenen Erkrankungen, Frankfurt Ztschr 
f Path 31 1, 1925 

28 Doenecke, F , and Rothschild P Ueber das Verhalten der postmortalen 
Durchstromungskapazitat des Blutgefass-Systems der Niere bei Erkrankungen mit 
und ohne Blutdrucksteigerung Zentra’b! f inn Med 48 866, 1927 
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With normal kKlne}S. perfusion began at from 10 to 50 mm of mercury 
and at 120 mm amounted to 100 cc per minute With sclerotic kidneys 
perfusion did not begin until a pressure of at least from 80 to 150 mm 
of rnercur} was used At 150 mm , the salt solution might barely 
squeeze through, and at 200 mm of meicury, the perfusion would 
amount to onl} 4 cc or so, per minute 

Baehr and Rittei leMewed the various methods of injection used 
They miected baiium sulphate-gelatin mixtuies into kidne}S and then 
MSiiahzed the injection b} x-ra}s They were able to demonstrate m the 
x-ia} pictuies of scleiotic kidne}S a marked i eduction m vasculatuie 
The} emphasized the circulaton embanassment as the mechanism of 
renal msufficienc} 

Ha} man - ‘ has done the most recent and accuratel} quantitative 
work in this field He measiiied the outflow^ fiom the renal lein dm mg 
perfusion at Aaiioiis pressuics and coi related this with roentgenograms 
of the vessels taken after injection and wuth histologic study His 
conclusions weic the same For example, he found that the peifusi- 
biht} of normal kidne}s at 100 mm of meicuiy w^as 1 7 cc per giam 
per minute In scleiotic kidneys, the per fusibility at 100 mm w^as 0, 
and at 200 mm it had i cached onh 1 cc pei gram per minute 

The method used here was somewhat similai to that of Haynian 
Kidne}S were lemoied at autops} and pei fused as soon as possible, 
usual!} within an hour oi tw'o The left kidnc} w^as usually used and 
the right kidnc} was taken for the immediate gross and histologic exam- 
ination necessary to establish the diagnosis The renal artery and vein 
w^ere left as long as possible The entire kidney, embedded in its para- 
renal fat, together with its suiiraicnal gland, w^as tied oil and removed 

The artery and the vein were cannulatcd The kidnc} w^as first per- 
fused wuth 2 liters of jihysiologic solution of sodium chloride, at 37 C , 
until it was w'ashed uniforml} wdiite An ordinary clinical baumanom- 
eter w'as inserted in the circuit, and the perfusion was conducted at 
wdiatever systolic blood pressure w'as recorded foi the patient The 
numerous small leaks from the small ^essels of the pararenal fat tissue 
and especially of the renal hilus w'cre caiefully tied ofif 

Duiing this prehminai} washing the observations of Ha} man and 
of Doenecke were leadily repeated Pei fusion through normal kidneys 
occurred frech At pressures of 100 mm of mercuiy, the salt solu- 
tion issued in full stieam fiom the renal vein With the sclerotic 
kidneys, even at 200 and 240 mm of mercury, the salt solution trickled 
through, only drop by drop, wuth the greatest difficulty If the pressure 

29 Hayman, J M Hvpenmcnts on the Patency of the Blood Vessels of 
Nephritic Kidneys, J Clin Investigation 8 89, 1930 
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used for perfusion was allowed to fall to 180 or 160 mm , no fluid 
would pass thiough the kidneys 

AVlien the renal vessels had been washed as clean as practicable with 
salt solution, an india ink solution was used for pei fusion Here the dif- 
ficulty 111 perfusion was even moie apparent than with the salt solution 
The India ink flowed easily thiough normal kidneys, but squeezed 
through the sclerotic kidneys very slowly, even at high piessuies This 
was attiibuted to the somewhat greater viscosity of the ink solution 
The viscosity of the ink as detei mined by the Hess capillary viscosimeter 
was 120 That of blood seiuni was 125 Dilution of the ink with 0 9 
pel cent salt solution or with 6 per cent acacia in 0 9 pei cent salt solu- 
tion 1 educed the viscosit}^ but gave no bettei end-iesults Even at a 
dilution of 1 8, with a viscosity of 87 5, but little more ink came 
through Accordingly, the conclusion was drawn that the piimaiy vas- 
cular impairment of permeability was already so great that the differ- 
ences in the Mscosity of the pei fusion fluid became an insignificant 
factor 

The perfusion with ink was maintained for about one hour The 
kidneys were then fixed at once in a diluted solution ot foimaldeh}de, 
U S P (1 10) A small piece was also fixed m alcohol Frozen and 
paraffin sections were then made ol the kidney into which ink had been 
injected, they were stained wnth hematoxylin and eosm and wnth Sudan 
III, and compared with the unmjected kidney of the same patient No 
appreciable difference in result was obtained between the material fixed 
m formaldehyde and that fixed in alcohol, between the fiozen sections 
and the paraffin sections or between the perfusions with low dilutions 
of India ink and those with high dilutions 

Examination of all of these sections revealed that m normal kidneys 
the ink was present m a large majority of the glomeruli In the sclerotic 
kidneys, it was present m but a part of the glomeruli with the surprising 
feature that the injection of ink had particularly favored the glomeruli 
that w^ere most severely involved in the malignant changes In a given 
section, with 60 per cent oi more of the glomeruli unchanged, few of the 
normal glomeruli contained ink Of the 20 per cent or so of partly 
hyalmized or hypertensive glomeruli, a somewhat larger number con- 
tained ink, and these were usually the ones with the early malignant 
changes The enlarged glomeruli, numbering only 15 oi 20 per cent 
of the total, presented the greatest actual number of injected ones The 
more severely damaged the glomerulus, the greater was the amount of 
ink that had accumulated within it (fig 7) 

Not only did the ink favor the pathologic glomeruli over their more 
numerous, normal neighbors, but in a single glomerulus, the ink was 
most abundant at the site of the most severe changes If only a few 
capillary loops were involved in proliferation and focal dilatation, 
the ink appeared only in those loops If only one or two loops near 
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the hilus weie neciotic, the ink was found within these neciot.c loops, 
and less abundantly oi not at all, in the less seveiely nnohed, mOxC 
peiipheial ones (fig 8) 

With the injection of ink it was found that the aiteiioles that \\erc 
appaiently occluded in the uninjected specimens possessed widely filled 



Fig 7 — Prenccrotic glomerulus uijcctcd with mdia ink Note the severe 
capillary dilatations, approaching an almost complete relaxation Leitz apochro- 
matic 4 mm , penplanar 4, camera length 45 cm 


lumina Necrotic arteiioles with dilated lunnna filled by ink led fieelv 
nito their corresponding neciotic oi preneciotic glomeiuli Adjacent 
normal or hyahnized aiterioles with then normal, hypertensive oi hyaiin- 
ized glomeruli were moie often empty of ink 
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So far it was apparent that the more severe the glomerular changes, 
the greater was the amount of blood contained in the involved capillary 
loops This was checked by the injection of ink which had accumulated 
most abundantly in the loops that were most severely damaged It could 
therefore be concluded that hyperemia, not ischemia, was associated with 



Fig 8 — Necrotic glomerulus injected with india ink The ink is seen just 
within the capillary loop that is most extensively necrotic It is seen also in the 
dilated afferent arteriole and in the pencapsular branch of the afferent arteriole, 
but it had not reached the efferent arteriole or the intertubular capillaries Leitz 
apochromatic 8 mm , periplanar 4, camera length 45 cm 


these malignant changes Klemperer and Otani had already noted the 
vascular dilatations m mabgnant nephrosclerosis, but had explained them 
on the basis of back flow from adjacent normal glomeruli, through the 
efferent arterioles 
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Fig 9 — Specimen from serial sections in which the injection of ink could be 
followed from the interlobular artery directly through the necrotic, dilated, affer- 
ent arteriole into the prenecrotic glomerulus Leitz apochromatic 8 mm , pen- 
planar 4, camera length 45 cm 
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Since with all the difficulty of injection, ink was found most abun- 
dantly in the neciotic glomeruli, it is unlikely that it could have reached 
them by back flow from their normal neighbors That this hyperemia 
was not a lesult of back flow was further indicated by the fact that 
the ink was found more abundantly at the lulus of the involved glomeruli 
than at the periphery, and finally by the fact that little or no ink was 
found m the efferent arterioles or intervening mteitubular capillaries 



Fig 10 — Specimen from serial sections in which the injection of ink could be 
followed from the interlobular artery directly through the necrotic, dilated, affer- 
ent arteriole into a diffusely necrotic glomerulus An adjacent normal glomerulus 
IS uninjected Leitz apochromatic 16 mm , penplanar 4, camera length 45 cm 


To confirm this point, however, serial sections were made from the 
specimens into which injections had been made In these sections, the 
injected ink could be followed clearly from the mtertubular artery 
directly through the necrotic afferent arteriole into the necrotic (fig 10) 
or prenecrotic (fig 9) hyperemic glomeruli Occasionally it was traced 
into the pericapsular branch of the afferent arteriole (fig 8), but it 
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nevei oiigiiiated in the effeient aiteiioles oi intertubular capillaries The 
h}peieinia was theiefoie conclusively diiect and not retrograde 

COMMENT 

It vas difficult to icconcile these obseivations Nephroscleiosis is 
undeniabl}" associated with ischemia E^en the expeiiments desciibed 
shoved the extieme slowness and difficult} with which blood passes 
thiough these kidne}s at eAen veiy high piessures Also the impaired 
peimeabihty dining life is almost ceitainly the basis foi the lenal func- 
tional insufficienc} Ischemia exists and may well be accepted as the 
cause of the uiemia But ischemia as such is not the basis for the 
chaiacteiistic pathologic changes These changes weie intimately and 
propoi tionatel} associated, not with ischemia, but with a diiect 
hypei emia 

The confusion aiose fiom failuic to lecognue that vascular dilata- 
tion does not neccssaiih denote hipeiemia It is an example of the 
failuie of moiphologic imestigation when unsuppoited by physiologic 
correlation What leally existed vas a hypei emia in the sense that a 
gnen portion of the vasculai tiee at any one time contained a gi eater 
quantity of blood but an ischemia in the sense that the blood was 
passing through these lesscls much moie slowly than befoie What 
leall} occuned vas a hipciemia with ictaidation, just as it is seen in 
any inflammatoiy lesion (Fahiaeus The letaidation may pioceed 
to complete stasis Foi the less se\eic degrees of this condition, Jafte 
suggested the term “pieslasis” The lessels aie wudely dilated, the 
blood IS flowing thiough them leiy slowd} or not at all 

Gustav Rickei first piopounded this conception to explain the 
paradox that I encounteied of Inpeiemia associated woth ischemia He 
based his conclusions on diiect studies on the living animal and on 
occasional observations on human beings dining surgical opeiation 
According to his view’^s, the arteiies, arteiioles and capillaries aie 
innervated organs, wuth a double nerve supply legulatmg constriction 
and dilatation Model ate stimuli produce model ate conti action, strong 
stimuli produced marked contraction, excessive stimuli pioduce a loss 
of contrictor tonus, wuth paralysis Dilatoi tonus is less sensitive and is 
retained after constiictor tonus is lost Excessive stimuli, theiefore, 
result quickly, not in conti action, but in dilatation 

The arterial tree reacts segmentally Its peiipheral portions are pro- 
gressively more sensitive than the proximal poitions A stimulus that 
is sufficiently strong to cause maiked conti action of a larger artery con- 
stitutes an excessive stimulus foi the capillaiies and arterioles and 

10 Fahraeus, R The Suspension Stability of the Blood, Physiol Rev 9 241, 
1929 
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results m their dilatation This dissociation in reaction between arterial 
contraction and peripheral dilatation is not always uniform But when- 
ever and wherever it occurs, there is a marked decrease in the velocity 
of flow through the involved, dilated, peripheral bed The narrowed 
arterial stream is retarded as it enters the dilated arteiiole and capillary, 
just as the current of a river slows down when it empties into a lake 
The greater the peripheral dilatation, the greater will be this retardation 

This dissociation in reaction is the normal vasculai neui ogenic mech- 
anism by which the vessels of an organ regulate the total blood supply, 
and by winch the blood supply to the various functional units is con- 
stantly being shifted and changed These rapid vascular changes play 
a particularly prominent role in the kidney, m which rapid functional 
changes are constantly going on, as part of the mechanism to insure 
physiologic hemostasis of the organism (Cannon®^) 

Only on exaggeration of this normal, neurogenic, vascular mech- 
anism do organic pathologic changes follow The nutrition of the 
vascular walls and of the adjacent tissues depends on the speed with 
which blood is flowing through their lumma and partly also on the 
adventitial supply which is being similarly regulated Constriction of 
the artery gives a more rapid flow of blood and with it a faster inter- 
change of nutrient fluids between the lumen and the wall With 
dilatation, the blood stream is retarded, and two changes follow (1) a 
liquor diapedesis, an imbibition of the walls with an increased amount 
of nutrient fluid, and (2) a decrease in rate of interchange of nutrient 
fluids between the lumen and the wall The increased amount of imbi- 
bition of fluid favors cellular proliferation and swelling The decreased 
rate of the interchange of fluid favors degenerative changes These 
two factors vary in the importance of their effect with the degree of 
dilatation and slowing 

If the penpheral dilatation is moderate, theie is moderate retardation 
and a moderately increased amount of imbibition of fluid within the 
vascular walls This is adequate for only a limited cellular proliferation 
within the somewhat thickened vascular walls, but a more marked elastic 
and collagenous fibrillar differentiation slowly takes place The decreased 
rate of interchange of fluid favors the slow deposit of elastin and 
collagen and, finally, of a small amount of hyalin and fat The pro- 
longed retardation finally ends in slow atrophic changes 

If retardation is marked, there is a marked imbibition of the walls 
of the vessels with nutiient fluid They rapidly become much swollen 
The markedly increased amount of nutrient fluid within them deter- 
mines an actne proliferation of the 3'^oung, star-shaped, mesenchymal 

31 Cannon, W B Organization for Physiological Hemeostasis, Physiol Rev 
9 399, 1929 
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cells, while as }et only a few scatteied fibiils have had time to differen- 
tiate Fat IS abundantly deposited because of the factor of decreased 
late of inteichange of fluid 

Seieie dilation bungs with it a seveie letaidation of flow There is 
an even moie maiked imbibition of fluids, so that the vessels become 
much swollen with it But the deciease in rate of inteichange of fluid 
IS now so gieat that e^en the inci eased amount of nutrient fluid lests 
sluggishly nithin the si\ollen walls of the vessels It is valueless for 
cellulai piohfeiation. and only a maiked fatty and Ityahne degeneiation 
occuis Final!} with extieme dilatation theie is almost complete stasis 
of floi\ The vails of the ^essels swell up with fluid, but the extieme 
letaidation of inteichange of nutnent fluid establishes a complete cessa- 
tion of the nutrient supply to the vasculai wall The viability of the 
vasculai vail is impel iled, and as fibrin is deposited fiom the imbibed 
fluid a fibimoid neciosis finalh lesults 

As the stieam slows down, not onl} hquoi diapedesis, but eiythio- 
diapedesis takes place, led blood cells and even leukoc}tes filtei out of 
the dilated lumen thiough the vails of the vessels into the tissue spaces 
(see Fahraeus E\en before neciosis takes place, this eiythiodia- 
pedesis m the glomeiuh and aiteiioles may thus lesult in moderate 
hematuiia and small petechiae in the kidney When neciosis finally 
occurs, the vails of the dead ^cssels given way undei any retuinmg 
pressure of blood, dilate and bieak, so that the laiger, petechial, hemor- 
rhagic extiaAasations of malignant ncphioscleiosis aie formed If the 
patient still lues leukoc}tes accumulate about the neciotic v^alls of the 
vessels, and e\cn calcium salts ma} be deposited fiom the blood stream 
in the paitly neciotic tissues ^Vlth jirestasis sufficiently seveie to cause 
an extensne arteiiolai necrosis, theie is a similar ciiculatoiy and nutri- 
tional distuibance in the periaiteiiolar tissue The adventitial cells pro- 
liferate in response to the imbibition of fluid, and vuth the leukocytes 
vdiich accumulate about the v^alls of the necrotic vessels, form peri- 
arteriolai nodules The peiiaiteriolitis is thus only a later stage of 
extensive neciosis Ricker similail) accounted for the changes of 
periaiteritis nodosa on a similai \ascular and peiiaiterial, piestatic mech- 
anism (Rickei and Giuber^-) 

All of the pathologic changes that appeal m benign and malignant 
nephiosclerosis may thus be accounted foi on the basis of various 
degiees of the mechanism of letaidation In benign nephrosclerosis, 
the dissociation in leaction between arteiial conti action and peripheral 
dilatation is model ate The letaidation, the nutritional impaiiment and 
the consequent changes aie slight, diawn out over a long period, they 

32 Gruber, G B Periarteritis nodosa, Virchows Arch f path Anat 258 
441, 1925 
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slowly induce a hyperplastic mtinial tluckening of the arteries and 
arterioles and a gradual hyalmization and atrophy of the glomeruli In 
malignant nephrosclerosis, the dissociation is marked and the dilatations 
are extreme, finally the retardation approaches almost complete stasis 
The nutrient supply is markedly i educed in the dilated vessels, and 
severe changes rapidly result There is at first a loose intimal swelling 
with cellular proliferation from the factor of increased amount of imbi- 
bition of fluid As complete stasis is approached, the factor of decreased 
rate of interchange of fluid predominates, proliferation stops and severe 
fatty and hyaline degeneration and finally fibrinoid necrosis result 

Exactly the same mechanism is responsible for the changes seen in 
nephritis, m periarteritis nodosa or in inflammations anywhere in the 
body Ricker pointed out that the ischemia of nephritis is a postmortem 
illusion, brought about by agonal vascular emptying in the hypertonic 
organ When accidentlly observed during life, nephritic kidneys are 
hyperemic When biopsies are taken from them, they bleed much more 
furiously than do normal kidne)''s What actually occurs m nephritis is 
a retardation hyperemia The proliferative, exudative, degenerative and 
even necrotic changes that are seen are based on the same mechanism 
as that in benign or malignant nephrosclerosis, except that it is more 
diffuse In nephritis, the vascular dissociations involve uniformly every 
capillaiy loop of every glomerulus 

The resemblance of malignant nephroscleiosis to nephiitis, as well 
as its resemblance to benign nephrosclerosis and the occasional transi- 
tion between them all is therefoie not sui prising All these pathologic 
processes are based, not on ischemia as such, but on the same mech- 
anism of retardation h3^peremia resulting from excessive dissociation 
between arterial conti action and peripheial dilatation In nephiitis the 
piocess is moderate The proliferative, exudative and slight degenera- 
tive changes of moderate retardation predominate But the process is 
so diffuse that though it is moderate in degree, the entire kidney is at 
once thrown out of function, and uremia quickly develops The necrosis 
of seveie piestasis is infrequently seen and then only in the violent cases 
with “sturmischen Verlauf” (stormy course), oi m oldei patients with 
a predisposing aiteri otosclerosis 

In benign nephrosclerosis, the process is moderate It is also not 
ischemic, but is based on hyperemia with prolonged letaidation It is 
moderate but focal, so that most of the kidney is still left to cairy on 
renal function In malignant nephrosclerosis, the process is focal and 
irregulai, but so severe is the vascular upset that renal function is 
stopped and necrotic lesions appear So rapid is the onslaught that cases 
are rarely found m the tiansitional stages before the condition has 
led to death from uncomplicated uremia Occasionally, benign nephro- 
sclerosis may be found m which there is a single necrotic lesion or 
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which on the verge of an impending, malignant acceleration of the 
renal, vascular, prestatic process is carried off by some vascular or extra- 
vascular complication affecting some other vital organ 

There is thus no fundamental difference between the pathogenesis 
of benign or malignant nephrosclerosis or even of glomerulonephritis 
In all, there is hypeiemia m the sense that because of peripheral 
vasculai dilatations a gi eater quantit}’^ of blood is present at any one 
time, and ischemia m the sense that the flow of blood is markedly 
retarded thiough the imolved vessels In pathogenesis, nephritis and 
benign and malignant sclerosis are based only on varying degrees of 
speed and diftuseness of the same vascular mechanism of hyperemia 
with retaidation 

The differences m etiology are unknown In one of the cases 
reported miliary tuberculosis seems to have induced the se\eie prestatic 
changes that led to malignant sclerosis In another case, pyelonephritis 
may have done the same V olhard suggested a constitutional or 
acquired angiospastic factor, with circulating epmephime or peptones as 
Its ultimate cause Ask-Upmaik's five cases of juvenile malignant 
nephrosclerosis indicate the existence of some inheiited endogenous pre- 
disposition Whether or not there is some toxin as the ultimate cause 
of the excessne stimuli which produce the malignant angiospasms and 
extreme vascular dissociations and what that toxin may be is not as yet 
determined and cannot be answeied in this paper Lead has been sug- 
gested Plumbism accelerates vasculai scleiosis, but does not lead 
especially to malignant sclerosis Syphilis has long been accepted as an 
important factor of nephrosclerosis m geneial Fahr considered it espe- 
cially important m malignant nephiosclerosis Herxheimei, Aschoff, 
Volhard, Keith and his associates’’’^ and Klempeiei and Otani, woiking 
perhaps with diffeient mateiial, could not confiim this theoiy The 
material m this papci indicates that syphilis piedisposes to nephios- 
sclerosis in general, but not to malignant nephiosclerosis in paiticular 
Fahr considered iheumatic arthiitis important A diet high m pro- 
teins gout, diabetes, alcohol and tobacco have all been suggested, but 
not pro\ed, as factois 

33 Volhard, F Die doppclseitigcn hematogencn Nieren-Erkrankungen, Berlin, 
Julius Springer, 1918 

34 Battaglia, F II rene saturnino, Policlinico (sc7 ined ) 34 153, 1927 
Pejic, S Nature of Primary Renal Lesion Produced by Lead, Ann Int Med 
1 577, 1928 

35 Keith, N M , Wagner, H P , and Kernohan, J W The Syndrome of 
i\Iahgnant lijpertension, Arch Int Med 41 141 (Feb ) 1928 

36 Nu7um, F R Changes in Kidney in Animals with Increased Blood Pres- 
sures while on High Protein Diets, Arch Int Med 40 364 (Sept) 1927 
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Whatever its etiology, the pathogenesis of malignant nephiosclerosis 
begins with the advent of a generalized arterial hypei tonicity, which 
brings with it hypertension The hypertension, at first tiansient, latei 
becomes more or less peimanent and may continue foi yeais without 
fuither changes in the arteries The heait hypei tiophies Studies of 
the nail beds show inconstant changes in the capillaiies (Kylin,"'" Vol- 
hard and Klingmuller Whethei or not sclerosis develops m the 
aiteries and which vascular bed is selected depends, not on generalized 
aiterial hypertonus itself, but on local, peripheral, vascular dissociations 

If these dissociations affect the kidneys m paiticular (the kid- 
neys are particularly susceptible because of their double capillaiy system 
and excessive functional strains) and if they affect them mod- 
eratety, a benign nephroscleiosis slowly develops With this athero- 
sclerosis renum lenta, renal function is still fairly well maintained, 
though there may be transient periods of relative insufficiency as the 
process slowly and enatically progresses (Klein,^'’ Major and 
Mark^-) In this prodromal, hypertonic stage, the patients are sturdy, 
plethoric and healthy, despite their permanent high blood pressure They 
may continue to engage m heavy manual labor, and the only warning of 
the malignant character of the hypertension may be an albuminuric 
retinitis, which may appear even a yeai before the fatal issue The 
robust ruddiness of these patients suggested to Volhaid the clinical 
term of “red” hypertension Most of these cases aie terminated by 
cardiac failure, coronary accident, cerebral vascular accident or some 
vascular accident 

With this predisposing basis, after a long oi short prodiomal period, 
the remaining cases slowly or rapidly progress to malignant nephro- 
sclerosis The same but moie violent, etiologic, toxic-irritative factoi or 
some othei etiologic factor rapidly releases an exaggeration of the same 
vascular dissociations with more marked retardation hyperemia Focal, 
proliferative, exudative, degenerative and finally necrotic lesions result 
in the development of atherosclerosis renum accelerata Studies of the 
nail beds show intermittent vascular spasms and even organic changes 
This IS the terminal hyperkinetic stage The marked vasculai upset 

37 Kylm, E Studien uber das Verhalten des Kapillardrucks im besonderen 
bei arteriellen Blutdrucksteigerungen, Zentralbl f inn med 41 505, 1920 

38 Volhard, F Bemerkungen 7u der vorstehenden Mitteilung von Kylm, 
Zentralbl f inn Med 41 512, 1920 

39 Klingmuller, M , and Nevermann, H Capillarstudien, Ztschr f d ges 
exper Med 66 734, 1929 

40 Klein, O Ueber die Rolle der transitorischen Niereninsuffuzienz im 
Krankheitsbild der arteriosklerotischen Hypertonie, Med Klin 22 1212, 1926 

41 Major, R H Kidneys in Arterial Hypertension, A^m J M Sc 176 637 
1928 

42 jMark, A E Kidneys and Arterial Hypertension, MTS. Rec 131 206, 
1930 
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throws the kidneys out of function Chemical examination of the blood 
discloses marked nitiogenous retention The patients turn weak, toxic 
and maikedly anemic The “red” hypertension of Volhard thus changes 
to a “pale” hypertension, as absolute renal insufficiency closes the 
nephroscleiotic pictuie with uremia 

CONCLUSIONS 

Theie is no fundamental difference in the pathogenesis of benign 
and malignant nephrosclerosis, whatever their respective etiologies may 
be Both depend, however, not on glomerular ischemia or on arteriolai 
occlusion, but on a hyperemia associated with a retardation of flow 
This conclusion was suggested by a histologic study, checked by a series 
of expel imental injections The retardation is based on a nemogenic 
dissociation in reaction between arterial constriction and peripheral 
dilatation The changes that follow aie analyzed on the basis of Ricker’s 
views on renal hemodynamics Moderate retardation leads slowly to the 
organic changes of benign nephrosclerosis Severe retardation rapidly 
induces the pathologic changes of malignant nephrosclerosis and ter- 
minates m uremia Malignant nephrosclerosis is therefore accepted 
simply as an "atherosclerosis renum accelerata gravis ” 



BODY TYPES IN WOMEN OF INFERTILE 
CONSTITUTION 

THE VALUE OE SURFACE AREA PROPORTIONS AS AN ANTHROPO- 
METRIC METHOD OF DIFFERENTIATION 

SAMUEL GORDON BERKOW, MD 

PERTH AMBOY, N J 

Reproduction, metabolism and growth are not wholly independent 
activities of the body Throughout life they exert a varying influence 
on one another ^ The relation is not always apparent , yet conception, 
the supreme moment of sexual activity, is the most potent of the stimuli 
of growth It initiates an orderly extension and division of the mass 
which are not ended even at maturity, for m the phenomenon of repair 
they continue, with diminishing force," throughout life 

The relation between the generative and vegetative functions is not 
diiect On the strongest evidence, the mediacy of endocrine glands is 
assumed At puberty, entrance of a sex hormone secretion into the 
bod\ economy is accompanied by lapid growth, both general and sex 
specific, and by changes in the configuration of the body ® However, 
according to Nicola Pende,^ pure, dominant, constitutional insufficiency 
of the sex glands is seldom found More frequently encountered are 
“constitutional anomalies of other endocrine glands which have a very 
great influence on sexual development, such as the hypophysis, thyroid, 
thymus, the adrenals or the pineal body ” In Ruffim’s apt phase, form 
is the plastic image of function, for these glands influence the sex 
glands 01 the sex organs on the one hand, and growth and configura- 
tion of the body on the other 

' Submitted for publication, Nov 5, 1930 

' From the Gynecological Service, Mount Smai Hospital, New York, Endo- 
crine and Sterility Clinics 
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The fii st influence is iiitei nal and is expressed in altered functions , 
in the instance under consideration, infertility The second influence 
IS external and visible Moreovei, the vaiious glands that are known 
to influence the body type do so in a definite and chai actei istic nianner 

The association of infeitilit}’’ with certain body types -was noted by 
Hippociates ^ 

Women ma> be judged of whether lhe\ are in a fit state for conception or not 
bj attending the following circumstances in the first place to their shapes 
Women of smaller stature more readilv conceive than taller persons the thin 
than the fat 

Kail Peaison,*' biilhant co-foundei \\ith Fiances Galton of the 
science of biometiics, concluded fiom statistical studies that tall women 
piocreate fastei than small women This contiadiction is moie apparent 
than leal, for lecentl} Fiank" distinguished foui types among infertile 
women, to wdiich the vast majoiity confoim (1) the typical, noimal 
feminine, (2) the infantile, (3) the neutci and (4) the pseudomascu- 
hne Dr Flank’s obsenations concur wath modern conception of the 
influence of the endocrine glands 

In the piesent ln^ estigation I sought to apply a clinically available 
anthiopometnc method to Di Flank’s mateiial Foi reasons to be 
stated pi esentl} , the i equii ements seemed to be met by Du Bois’ ® 
lineal formula foi the detci minalion of the suiface area, and especially 
by the piopoitions derived theicfiom 

The adiaiitages of mathematical expiession aie too obvious for dis- 
cussion It must be noted how^eiei, that the method pin sued is not 
exhaustive Not all of Dr Flank’s obseivations aie thus quantitatively 
expressed Fliisuties height and thickness of the sjmphysis pubis and 
the height of tlie palate arcli, foi instance, are not measuied Less 
tangible similarities and difleiences, often difficult even to state clearly, 
must ahva}s lemain to the peiception and astuteness of the diagnos- 
tician, yet the method has the advantage of its limitations, foi moie 
complicated mathematical data wmuld be a distinct disadvantage 

The surface aiea propoition method piovides a fairly simple clinical 
means of expiessmg exactly and adequately ceitain fundamentals of 
bodily build and s}mmeti} 

5 Adams, F The Genuine Works of Hippocrates, New^ York, William 
Wood & Company, 1921, vol 1, p 220 

6 Pearson, quoted by Garrison, F H History of Medicine, ed 2, revised, 
Philadelphia, W B Saunders Company, 1917, p 70S 

7 Frank, R T Endocrine Causes of Sterility m Women, Surg Gynec 
Ohst 45 189 (Aug) 1927 

8 Du Bois, Delafield, and Du Bois, E F Clinical Calorimetry The Mea- 
surements of the Surface Area of a Man, Arch Int Med 15 868 (May) 1915 
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The purpose of this investigation was therefore twofold (1) to 
test the method under clinical conditions and, at the same time, (2) 
to differentiate and group by this means the body types of women of 
infertile constitution 

Fifty cases of primal y steiility were available for this study Each 
case had been thoroughly worked up by the staff of the sterility clinic 
The male partner had been exonerated by the Huhner test, many 
actively motile spermatozoa being recovered from both the vagina 
and the cervix Pelvic examination gave negative results except for 
hypoplasia in 28 per cent of the cases One or more Rubin tests 
demonstrated the patency of the tubes, tubal peristalsis, recorded by 
the kymograph, was not equally active in all cases Special investiga- 
tions, for the most part ordered by the staff of the endocrine clinic, 
included blood counts, basal metabolism, roentgenograms of the sella 
turcica, visual fields and examinations of the color vision, the Janney 
test for carbohydrate metabolism and determination of the female sex 
hormone Investigations were possible in a large proportion of the cases 

To the group complaining of sterility I have added nineteen single 
women referred to the endocrine clinic foi severe grades of amenorrhea 
Rubin ® recently discussed the association of long delayed and scanty 
menses with sterility In a large series, he found that 

Menses are habitually delayed or scanty m 3 5 to 8 per cent of gynecologic 
patients and in about 10 per cent of patients whose marriage is sterile These 
patients are more apt to be sterile than normally menstruating women, the primary 
sterilit> varying between 30 and 70 per cent, and the total sterility, including 
secondarj sterility, amounting in some groups to as high as 93 per cent 

In the piesent series of fifty selected cases of nonmechanical pri- 
mary sterility, eighteen presented serious menstrual deficiency (36 per 
cent) Amenorrhea, oligomenorrhea and hypomenorrhea, of the serious 
grades, are often associated with lowered fertility 

Of the nineteen single women m this series, two had primary amen- 
orrhea, one had had amenorrhea for fifteen years, three had had 
amenorrhea for one year or more (of these, one gul, 19 years old, had 
menstruated twice), three had had amenorrhea for fiom six months 
to one yeai and the remainder complained of oligomenorrhea and 
habitual amenorrhea of from six weeks to six months’ duiation In 
this group there were several well marked types, which was an addi- 
tional reason for its inclusion 

9 Rubin, I C Ovarian Hypofunction, Habitually Dela 3 'ed and Scanty 
Menstruation, in Relation to Sterility and Lowered Fertilit 3 ", Am J Obst & Gynec. 
18 603 (Nov ) 1929 
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METHOD 

The surface areas of the seven chief natural divisions of the body are deter- 
mined bv the linear formula of Du Bois ® These divisions are the head (including 
the neck), the trunk, the arms, the hands, the thighs (including the buttocks), 
the legs and the feet From two to four measurements, lengths and circumfer- 
ences, mostlv from bom points, are made on each part, there being nineteen 
measurements in all From these, the surface areas are computed, a constant 
being used for each part, which has been determined by experiment From the 
actual surface areas and the total surface of the body (the sum of the seven 




1 — Method of obtaining measurements of surface area (after Eugene F 
Du Bois and Delaficld DuBois) A shows the method of obtaining measurements, 
B, the surface area proportions m normal persons (not the “normals” of the 
present series) (From the author’s illustration m Frank, R T The Female 
Sex Hormone, Springfield, 111 , Charles C Thomds, 1929 ) 

parts), ratios of the parts, or the surface area proportions, are easily calculated 

(fig 1) 

The direct measurements of the length and circumference of each part, from 
which the actual surface is computed, express a relation within the parts The 
actual surface areas of the parts from which the proportions are determined 
furnish information on each part considered by itself Finally, the surface area 
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proportions show the relation between the parts Thus, in arriving at the surface 
area proportions one obtains three series of figures, each of which has been applied 
to the grouping of the cases 

Before stating the observations in the piesent series, it may be well 
to review briefly the information at hand before this study began 

In the fiist place, references to the proportions alone were found 
I do not know of any pievious study in which relative and actual areas 
and direct measurements were used 

The proportions were known to be sufficiently constant in healthy 
persons to permit the establishment of normal average proportions 

It was known that age primal ily and then nutrition and sex influence 
the surface area proportions 

1 From biith to about 18 years, the proportion of the head varies 
inversely to the age (from 18 to 6 5 pei cent), and that of the lower 
extremities, progressively with the age, whereas the proportion of the 
trunk shows a slight gradual decline (from 38 to 36 per cent), and 
that of the upper extremities, a slight inciease 

2 The proportion of the head, relative to the total suiface of the 
bod}, ^arles inversely as the state of nutrition the stouter the person, 
the smaller is the proportion of the head This seems to be tiue also 
of the proportion of the lower extremities As is to be expected, the 
pioportion of the trunk varies directly as the state of nutrition There 
IS no evidence of a noteworthy influence of nutrition on the ratio 
between the surface area of the upper extremities and of the whole 
body The surface area proportion of the hands relative to the total 
for the uppei extremities varies inversely as the state of nutrition 

10 C R Bardeen (The Height-Weight Index of Build in Relation to Linear 
and Volumetric Proportions and Surface Area of the Body During Post-Natal 
Development (Contributions to Embrvology, no 46), Bull Carnegie Institute 9 
SOI, 1920) quoted the great Belgian anthropologist, Quetelet, who obtained, from 
actual measurements of the entire surface, the surface area proportions in a con- 
siderable group of people “At a given stature and a given stage of physiological 
development the mean proportions of the human body are strikingly similar m 
diverse races The similarities are so great that extensive careful statistical studies 
are necessary to prove conclusively that certain bodily proportions are characteristic 
of one race as opposed to another race There is far more variation in rapidity of 
growth and in mean average adult stature m various races and social groups than 
there is m proportions of the body relative to stature at a given stage of phvsio- 
logical development ” That these observations did not stimulate further investiga- 
tions of the surface area proportions must be attributed to the extreme difficulty 
of obtaining surface area directly from actual measurements, by triangulation or 
from molds 

11 Berkow, S G A Method of Estimating the Extensiveness of Lesions 
(Burns and Scalds) Based on Surface Area Proportions, Arch Surg 8 138 
(Jan) 1924 
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3 The head has a larger surface area proportion m females than 
in males The hands constitute a larger part of the total body suiface 
m males (5 1 pei cent) than in females (44 pei cent), but they con- 
stitute a smaller pait of the uppei extremities than do the hands of the 
females The thighs constitute a larger percentage of the lower extremi- 
ties and of the total surface in the female than m the male However, 
the legs and feet of females are smallei than those of males, both actually 
and in relation to the total surface The arms of males are largei than 
those of females, actuall}^ and lelativel}’- 

It was suspected that deviations from the normal propoitions (age, 
nutrition and sex being considered) aie caused by disturbances of the 
endocrine glands oi by disease of the neurotiophic or osteogenic system 
I arrived at these conclusions independently I have since found that 
the} are in entire agieement with the earlier work of Funke,^^ Carl 
Meeh,^® Quetelet and all othei investigators m this field They worked 

Foui Gioups Info Which Suifacc Aica Pi opoi tions Fall 


Mensurements 



Surface Area 

Actual Surface 



•\ 

Group 

Proportions 

Areas 

Lengths 

Circumferences 

1 

Normal 

Normal 

Normal 

Normal 



Small 

Small 

Small 



Normal 

Normal 

Normal 



(Male hirsuties, facial, extremities and escutcheon) 

2 

TrunE small (34%), 

Trunk small, 
hands and 

Increased 

Decreased 


creasing distal to trunk 

feet large 



3 

Trunk large (to 4S%), 

Trunk large 

Decreased 

Increased 


head small, hands 

(upper, shoulder girdle obesity) 



and feet small 




4 

Thighs large 

Thighs large 

Decreased 

Increased 


(lo« er, pelvic girdle obesity) 


With fewer cases, but far more laboriously, as they did not have the 
benefit of the Du Bois linear method 

NEW DATA ON FEMALE CONSIITUTIONAL INFERTILITY AND SEVERE 
AMENORRHEA GROUPED ON THE BASIS OF SURFACE AREA 
PROPORTIONS AND ASSOCIATED DATA 

On the basis of surface area proportions, the cases studied fall into 
four groups A subgroup is distinguished by means of the associated 
data, 1 e , actual surface areas and direct measurements (accompanying 
table) 

12 Berkow, S G Disturbed Surface Area Proportions in a Case of Sus- 
pected Ovarian Hyperfunction, J A M A 88 1953 (June 18) 1927 

13 Unpublished investigations by me at Montefiore Hospital, New York 

14 Funke Moleschotts Untersuchung, Naturlehre 4 36, 1858 

15 Meeh, Carl Oberfluchenmassungen des menschlichen Korpers, Ztschr f 
Biol 15 425, 1879 

16 Quetelet Des proportion du corps humain. Bull Acad roy d sc 15 580, 
1870 
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Gi oitp 1 (Eumoiphic — Fifty-fom Cases ) — The proportions are 
within the range encountered in normal adult females and also conform 
to the pioportions of a small control group (ten) measured m the con- 
traceptive clinic at Mount Sinai Hospital For these reasons and because 
the configuration that yielded these propoitions seemed “right” to the 
unaided view, group 1 is considered eumorphic and its proportions 
“noimal ” 

Howevei, this group is not uniform as to associated physical data 
or as to associated symptoms One subgroup is distinguished (three 
cases) in which the total surface of the body is remarkably small The 
actual areas of the parts and the lengths and circumference by actual 
measuiement are small, but normal ratios are preseived These women 
weie, of course, shoit (fiom 4 feet, 10)4 inches to 4 feet, 11 inches) , 
their weight vaiied from 112 to 124 pounds (50 8 to 56 2 Kg ) Two of 



Fig 2 — E A, group 1, subgr^p 1 The proportions are normal, the actual 
surfaces are small, and the measurements are small 

the women (aged 26 and 27) had never menstruated, and the third had 
menstruated four times in the past five years Secondary sex charac- 
teristics were present The genital organs, particularly the cervix and 
the body of the uterus, were extremely hypoplastic In two the sella 
turcica appeared smaller than normal, and in one there was marked 
bridging between the anterior and the posterior chnoid process In all 
three cases, the female sex hormone was absent from the blood, and in 
only one was it found in the urine 

A second subgroup (six cases) is distinguished by the masculine 
character and distribution of hirsuties This subgroup is included for 
purposes of classification, although it is not distinguished by the surface 
area proportions or the associated data of that method These women 
were a little taller than those of the first subgroup (from 5 feet, ^ 
inch to 5 feet, 2 inches), and their weight was correspondingly greater 
The total surface of the body averaged about 1,000 sq cm more than 
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that in the fiist subgroup Mensti uatioii was regular in one case, habit- 
ually dela3^ed in tliiee cases, and in two cases the patients had been 
amenoiiheic as long as one }eai The bi easts were large and flabby oi 
had flat nipples The symphysis pubis was high and thick The dis- 
tinguishing chai actei istic was the male escutcheon and the piesence of 
coarse haiis on the face and exti emities, especially the lowei extiemities 
The uteius was small, letioveited oi letroflexed, and one of the women 
had a uteius didelphys and a double vagina Roentgenogi ams of the 
sella tuicica weie negative The basal metabolism was minus 12 pei 



Fig 3 — M R, group 2 


cent in one case, and minus 27 and minus 40 jDei cent in one othei 
case, it was normal in the othei cases 

Gioiip 2 — (Tzvo Cases) — In these two cases the piopoitions of the 
tiuiik weie very small (34 per cent and 34 3 pei cent), wheieas those 
of the head and the extremities were lelatively laige Bichat called 
this type the hypovegetative oi animal type (“the moiphological diflrer- 
entiation and the animal system preponderate over the total mass and 
the vegetative S}'Stem” — Pende), and Viola teiined it the microsplanchnic 
type This type of configuration is also called the longitypical, dohcho- 
morphic, hypeievolute and, I believe, eunuchoid The parts farthest 
from the trunk have the gieatest inciease m their proportions Thus, 
the hands aie laige foi the aims, the feet are large foi the legs, and 
the legs are large foi the thighs The actual surface of the head and 
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extiemities is not laige The actual measuiements show an inciease in 
the lengths and a deciease in the circtimfeiences as compaied to all 
gioups They show that the dispioportions are due to inci eases in 
length 

Both of these women had pi unary amenoiihea (aged 26 and 18) 
They Avere 5 feet, 53/2 inches and 5 feet, 334 inches, 1 espectively, in 
height, and \veighed 113 and 117 pounds (51 3 and 53 1 Kg ) One 
had male hi easts , the othei had small breasts with supererogatoiy nipples 
The lattei patient had a total absence of pubic hair and no hair in the 
axillae, but the hair coveimg her scalp was fine, long and abundant 



Fig 4— J C, group 2 


The genitals were infantile The female sex hormone showed a monthly 
cycle in one case , its presence had not been reported in the other case 
Roentgenograms of the sellae turcicae showed them to be normal m size 
and contour The basal metabolisms were normal 

Gtoup 3 — (Seven Cases ) — In this group the proportions of the 
trunk are the greatest All of the other proportions are small, becoming 
smaller in the parts distal to the trunk The average proportions are 
head, 5 5 per cent , trunk 45 5 per cent (limits, 43 7 and 48 4 per cent) , 
arms, 12 2 per cent, hands, 3 7 per cent, thighs, 17 7 per cent, legs, 9 9 
per cent , feet, 5 1 per cent The women in this group would be 
described as brachymorphic, hypervegetative (from the fact that the 
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tiunk contains the organs of vegetation), hypo-evolute (not so from the 
sill face area proportions) and of the Fiohlich type 

Of the actual surfaces, that of the tiunk is outstandingly gieat 
(aveiage, 9,113 sq cm ), compaied to other groups The other sur- 
faces coriespond to those of othei groups They are small only when 
compared to the total suiface of the body, the enormous surface of 
the tiunk or the body weight 

Of the actual measurements, M, N' and Q (fig 1) aie large, par- 
ticulaily M and N' The ciicumferences of the extiemities are large 
neai the trunk, paiticularly when compaied to the length 

In this group the women weie short (aveiage, 4 feet, 10 inches), 
and stout (aveiage v eight, 184 pounds [83 5 Kg ] ) On inspection, the 



Fig 5 — R M, group 3 


obesity was chiefly of the trunk and uppei (shoulder) giidle vaiiety 
This was best seen from the posteiior aspect Secondary sex char- 
acteristics were piesent The breasts were large and flabby The 
growth of hair was normal, or with the male type of escutcheon 

The menses were ii regular and habitually delayed m three cases , 
in one patient menstruation occurred about once a year , two patients 
had been amenorrheic for one and a half years, and one had not men- 
struated in fifteen years 

Pelvic examination gave negative results or showed moderate genital 
hypoplasia 

In one of the women (J J , fig 6) there was positive evidence of 
a pituitary tumor, for which the patient was treated by operation and 
deep roentgen therapy at the Mount Sinai Hospital At the time of 
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writing this aiticle, loentgen examination showed the opeiative defect 
in the flooi of the sella tuicica In all othei cases, roentgen examina- 
tion did not demonstrate an} definite abnormality of the sella turcica, 
as to size and contom Examination of the eyes, the fundi, the visual 
fields and color vision gave negative lesults The caibohydiate metabol- 
ism was high in onlv one case (J J ) The basal metabolism varied 
between — 12 and 9 pei cent 

G'ioup 4 — (Six Cases ) — In this gioup the women aie also short 
and stout Like the women in the preceding group, they would be 
described as brachymorphic, hypei vegetative and hypo-evolute In addi- 



Fig 6 — J J, group 3 There was a pituitary tumor 


tion to a large tiunk, the women m this group possess heavy lower 
extremities and the obesit} is chiefly of the lower (pelvic) girdle type 
The surface aiea proportion of the trunk is large, but is less than 
that in gioup 3 The proportions of the thighs, legs and feet aie largei 
than in the preceding group and are within the range of my norm The 
surface area proportions of the head, aims and hands aie as in group 3 
On compaiison of the actual surfaces with those in group 3, that 
of the trunk is considerably less in this group (average, 7,625 sq cm ) , 
the surfaces of the thigh and the legs are similar to those of the preceding 
group, the surfaces of the feet aie larger than in group 3 

Of the three circumference measurements M, N' and Q (fig 1), the 
last is greatest in every instance in this group, whereas in group 3, N 
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IS the gieatest measuiement Only Q is as great in this group as in 
group 3 , il/ and N ai e less 

The aveiage height of the ^^olnen in this gioup was 5 feet, 
inches, the aveiage weight, 174 pounds (78 9 Kg) In four of the 
SIX women the gam in weight had taken place soon after marriage 
Thiee uomen gamed fiom 40 to 50 pounds (181 to 22 7 Kg) each 
within two }ears after marriage 

These vomen shoved a tendency tovaid hiisuties The pubic hair 
was more male than female m distiibution The breasts were well 
developed, m one instance, theie A\as marked as}mmetr 3 ’, the left breast 
being infantile, the light noimal The pubic aicli was high and heavy 



Fig 7 — N C , group 4 


Foui women were described as masculine m appeal ance, two as femi- 
nine The “masculine tyjDe” of women had heav} superciliary ridges, 
rather coarse features and darker coloring of the skin 

Severe grades of amenoirhea aie met m this group, from irregulai 
menses about every five or six veeks to amenorrhea of three and one- 
half }eais’ duration 

Pehic examination revealed moderate to maiked h}poplasia 
Studies of the female sex hoimone veie conducted in three cases 
One patient had a subthreshold cycle, and m a second the female sex 
hormone was absent (R L , aged 25, had been amenorrheic for three 
and one-half j'ears) In another case the Rubin test demonstrated patency 
of the fallopian tubes, but without tubal contractions At 10 pounds 
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of pressure, the column of mercury lose to 108 and gradually dropped 
to 80, fluoroscopy showed a subphrenic pneumopeiitoneum (Dr Mintz) 
The basal metabolism was within normal limits The sugar tolerance 
was normal No enlargement of the pituitary gland was shown by the 
x-rays, and the fundi, visual fields and color vision were normal in 
every case 

COMMENT AND SUMMARY 

An anthropometric and clinical study of sixty-nme “constitutionally 
sterile” women has been presented It is noteworthy that male responsi- 
bility was eliminated solely on the number, motility and shape of sper- 



Fig 8 — A shows generalized obesity in an acromegalic woman, B, upper 
(shoulder) girdle obesity (group 3) , C, lower (pelvic) girdle obesity (group 4) 

matozoa in postcoital siDecimens Constitutional factors in the males, 
which may, conceivabl}' , affect the qualit}^ or potency of the spei matozoa, 
were not included in this investigation The objection may therefore 
be raised that having failed to establish a mechanical cause m eithei the 
female or in the spermatozoa, the blame has been placed arbitrarily on 
the woman’s constitution This criticism has some merit A constitu- 
tional study of the male partners is greatly to be desired On the 
other hand, when abnormal configuration of the body and other endo- 
crine stigmas are demonstrated m the female, it is fair to assume that 
the responsibility does rest largely with her 
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On the basis of the surface area proportions, four groups were dif- 
ferentiated, of which three are considered abnoinial In the noimally 
proportioned gioup, one subgioup was distinguished by its small actual 
surfaces and small measurements Menstruation, secondary sex char- 
acteristics, pelvic examination and laboratory observations were found 
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Fig 9 — A graphic presentation of the surface area proportions in the four 
groups The figures are drawn to scale 

to vary less within the groups than between the groups , however, the 
influence of various glands, to different degrees, was seen in each group 
It has not been possible to introduce all evidence against the derange- 
ment of the dominant gland m each group To uncover a little more 
the culpability of the dominant gland, it would be necessary to intro- 
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duce fuither nonsteiile cases for compaiison A number of such cases 
of patients with inenonhagia, aci omegalia, hyperthyroidism and hypo- 
thyioidism, are available Foi the sake of lucidity, they are kept for a 
latei presentation 

With veiy few cases in each gioup and each gioup complicated, to 
some extent, by a different gland and by a diffeient degree of glandular 
influence, the wisdom of being categorical may be questioned It must 
be remembered that the field of human constitution is a terrain of “man}- 
signs and few guide-posts” Any diiection, however vague, may prove 
helpful Fuitheimore, this classification is considered, to change the 
metaphor somewhat, not as a peimanent fiamework, but as a prehm- 
inaiy sketch 

The cases have the furthei advantage of a thorough work-up For 
this credit belongs to the staffs of the endociine and sterility clinics and 
to the laboiatoiy and the x-ray and eje sei vices 

The more geneial object of the study, to determine the clinical avail- 
ability of the surface area piopoitions as a means of anthropometric 
differentiation, seems to have been fully attained The study has been 
cairied on in active clinics within a nairow allotment of time The 
usual loutine was not inter feied with Without special instruments and 
by means of simple arithmetic, a mathematical formula has been reached 
which IS complete in itself and is expressive of ceitam fundamentals 
concerning the configuration of the body The value of this expiession 
can be ascei tamed only through furthei study The greatest need at 
present is to establish normal standaids of height-weight, sex and the 
stage of physiologic development considered 
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Although most pathologists aie agreed as to the general character 
of inflammation, various definitions of this fundamental pathologic proc- 
ess have been offered Some define inflammation meiely as the reaction 
of tissues to injury Otheis, following the lead of Cohnheim, define it 
as the reaction affecting specifically the wall of blood vessels aftei injury, 
1 e, the increased peimeabihty that allows the escape of plasma and 
blood coipuscles into the sui rounding tissue By some, notably Cohn- 
heim ^ and Adanii,- inflammation is viewed as a process adapted to 
reduce the harmful consequences of an injury, Aletchnikoff, Maichand 
and Councilman regarded it solely as a reaction excited by the presence 
of something mjuiious to the tissue Opie defined it as a piocess by 
means of which cells and seium accumulate about an injurious sub- 
stance and tend to lemove oi destro} it In the course of this presen- 
tation, an attempt will be made to give evidence showing that befoie 
and during its removal or destruction, the injurious substance is ciicum- 
scribed and fixed m situ by the inflammatory reaction 

The process of inflammation, fiom this point of view, does not 
include the repaii or regeneiative changes of healing that follow the 
inflammator} reaction 

The caidinal s}mptoms of inflammation (heat, pain, ledness and 
swelling) are perhaps best illustiated by the ordinary boil oi by the 
lesion of erysipelas The etymology of the woid indicates that eailiei 
writers attached primar} significance to the increased heat of the inflamed 
part In an inflamed aiea, the normal functional equilibrium between 
cells, intercellular fluids and blood is doubtless profoundly modified 
Local physiologic changes aie involved affecting the peimeabihty of 
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capillaries, the rate of blood flow and the balance of body fluids Increase 
of capillary permeability is shown by local edema The proteins of 
the plasma to a varying extent pass out into the tissue spaces, dis- 
turbing, doubtless, the osmotic relationship between tissue fluids and 
blood plasma About thirty years ago, Adler and Meltzer'^ concluded 
that the passage of fluids from tissue spaces into lymphatics prob- 
ably depends on osmosis, perhaps assisted to some extent by filtration 
Starling® pointed out that capillary filtration is the resultant of two 
forces capillary pressure on the one hand and the osmotic pressure 
exerted by the plasma colloids on the other Recently this concep- 
tion has been confirmed experimentally by the work of Landis ® who 
showed by measuring directly intracapillary pressure that the rate of 
filtration depends on the difference between capillary pressure and 
the osmotic pressure of plasma colloids By this direct method he 
proved that whereas filtration occurs at the arterial end of capillaries, 
absorption from tissue spaces takes place at the venous end The 
normal filtration equilibrium of the capillary wall is modified in inflam- 
mation by the passage of plasma proteins into the tissue spaces If the 
passage of lymph from tissue spaces into afferent lymphatic vessels 
depends largely on an osmotic equilibrium, it is probable that the accu- 
mulation of plasma proteins m the tissue spaces will modify and retard 
the flow of lymph into the affeient lymphatic vessels Schade and 
Menschel ’ found that in inflamed aieas, especially those with suppura- 
tion the accumulation of products of disintegration of the tissues may 
become so great that the osmotic pressure is laised as high as eleven 
atmospheres An inflamed area can be consideied as shunted off from 
the rest of the organism It has its own metabolism, its own hydrogen 
ion concentration and as was just pointed out, its own modified 
circulation 

FIXATION OF FOREIGN SUBSTANCES AT THE SITE OF 
INFLAMMATION 

Throughout the remainder of this discussion, one phase of the 
reaction will be emphasized, i e , the fixation of foreign substances by 
the inflammatory process This is a function that is evidently of great 
importance as a mechanism of protection to the organism as a whole 

The dissemination of foreign substances from the site of injection 
into the lymphatics and the blood stream has been studied by various 
investigators Muscatello ® showed that carmine and various other 

4 Adler, I , and Meltzer, S G J Exper Med 1 482, 1896 
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inert particles when injected into the peiitoneal cavity reach the 
anterior mediastinal lymph nodes rapidly Buxton ® found that when 
typhoid bacilli weie injected into the peritoneal cavity they appeared 
m the blood stream in great numbers within a few minutes Wells 
and Johnstone demonstrated that the absorption from the peritoneal 
caMt} takes place thiough I}mphatic vessels 

Within recent yeais, evidence has accumulated indicating that an 
inflammatory reaction at the site of injection might be a factor m 
delaying the passage of foreign substances into the circulating blood 
Noetzel demonstrated that the injection of bacteria {B pyocyaneus) 
into the knee joint of labbits was followed by a rapid dissemination 
of the micro-organisms which could be recovered five or ten minutes 
later from the inguinal crural and lumbar lymph glands Pawlowsky 
repeated Noetzel’s expennient and also injected staphylococci into 
a knee joint that had been previously inflamed by a sterile 
irritant such as tuipentine or alcohol The dissemination of the bac- 
teria was either inhibited or wholly prevented by the acute inflam- 
matory reaction These observations have been confirmed Opie 
showed that a foieign protein injected into the skin of an immunized 
animal is fixed at the site of injection where the contact of antigen 
and antibody causes an acute inflammatory reaction (phenomenon 
of Arthus) In normal animals, on the contiary, foreign proteins 
when injected into the skin produced little if any inflammatory 
reaction and readily penetrated into the blood stream Recently the 
same investigator demonsti ated that acute inflammation of the peri- 
toneal cavit} caused b) a sterile irritant, aleuronat, retards the rush 
of injected hemolytic streptococci from the peritoneal cavity into the 
circulating blood stream After the inflammation has lasted twenty- 
four hours, the passage of bacteria fiom the peritoneal cavity is com- 
pletely prevented 

Gay and his collaboiators studied the changes m lesistance to 
intrapleural inoculation of stieptococci after a sterile inflammation had 
been previously caused by various irritants They contended that the 
increased resistance to the pathogenic mici o-orgamsm results from the 
accumulation of clasmatocytes This interpretation was recently ques- 
tioned by Opie,^'' who maintained that there are as yet no data that will 
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deteimine the role of pohmoiphonucleai leukoC3hes, mononucleai cells, 
serum or, indeed, increased peimeability of blood vessels m ovei coming 
the injurious effects of steiile iiiitants oi of bacteiia 

During the past two }eais I have been studying the behavior of 
foreign substances injected into an inflamed area, by diiect obseivations 
of the tiibutary lymphatic nodes and vessels draining that area After 
some preliminary expel imentation with nucleated corpuscles in fowls, a 
vital dye, trypan blue, was tried and found to be satisfactor}^ If tr}pan 
blue is injected into the noimal subcutaneous tissue of the foie leg of a 
labbit, within from twenty to thiity minutes the dye stains the tributarj 
afferent lymphatic vessels, the lymph node and the efferent lymphatic 
If, on the other hand, the dye is injected into a similar area in which an 
inflammatory leaction has been produced some time before by a steiile 
irritant, the dye does not appeal in the tiibutary lymphatics , the afferent 
lymphatics, the l3anph node and the efteient l3mphatic vessel leinain 
colorless The dye is evidenth letamed in the inflamed aiea The 
fixation of the dye takes place \&iy soon aftei the injection of the 
irritant, this reaction was obseived in some instances when the d3'^e had 
been injected thirty minutes aftei injection of the iiiitant 

Since trypan blue tends to remain in situ when injected diiectly 
into the inflamed aiea, an attempt was made, at the suggestion of Dr 
Opie, to determine whether the d3e injected into the blood stieam 
would accumulate at the site of inflammation MacCuidy and Evans 
pointed out in 1912 that the normal biam and coid ah\a3^s lemain fiee 
fiom dye injected inti avenousl3 , but that aieas of damage, such as 
softening or inflammation, become deeply stained 

Other investigators have confirmed the eail3 obseivations of Mac- 
Cuidy and Evans It was found that tij'^pan blue intioduced into the 
circulating blood rapidly enteied the site of inflammation, staining the 
tissue deeply, and that it did not ieadil3'^ diam away through the tiibu- 
tary lymphatic vessels It \\as fuithei observed that the longei the 
inteival of time between the injection of the iriitant and that of the 
dye, the more complete was its letention, less of the d3'^e diffusing to 
the regional lymph node Thus there is not onl3 a lapid accumula- 
tion but also a fixation of che from the blood stieam in the inflamed 
area 

It is well known that the letiosternal l3mph nodes of the anterior 
mediastinum dram the peritoneal cavity If trjpan blue is injected 
into a normal peritoneal cavit3, the letiosteinal lymph nodes aie within 
a short time deeply stained with the dye, but if the dye is injected into 
a peritoneal cavity in which an inflammatoi3 leaction has been set 

16 Menkin, V J Exper Med 50 171, 1929 
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up by a sterile iintant such as aleuionat, the dye is wholly or paitly 
pre^ellted fiom reaching the letiosteinal l}raphatic nodes Conse- 
quently, trom these studies the following principle has been estab- 
lished A vital d}e, tiypaii blue, injected into the circulating blood 
stieam lapidly accumulates in an inflamed aiea and is fixed there, so 
that it fails to appear m the tiibutary lymphatics draining the aiea 

The accumulation m inflamed tissue of the dye when introduced 
into the blood stream is doubtless influenced by increased capillary 
permeability, which is part of the inflammatory reaction We have 
been able to secuie quantitative data by studying directly the change 
m the concentiation of the dye m the blood stieam both m the inflamed 
and m the normal mesenteiy of the frog 

After intrai entncular injection of the dje the change m concentration of trypan 
blue within the capillaries may be estimated by a colorimetric method When the 
logarithms of the concentrations of dj e within the capillary are plotted aga nst 
time, a straight line is obtained denoting an exponential type of relationship The 
equations obtained by the method of least squares for both the normal and the 
inflamed areas were of the following t 3 pe 

\ — bc~ 

The actual equations found were 

(1) In the normal peritoneal cawty y = 7 63c "" ® 

(2) In the inflamed peritoneal cavity y=i69e~^^-^ 

V represents the concentration of d}e in the capillaries as estimated by comparison 
with the nearest standard on the colorimetric scale and v stands for the time in 
minutes after the intraventricular injection of the dye, a represents the slope 
of the curve In the equation for the control experiments, a was found to equal 
0 24 w'hile m the equation for the concentration of dye in the capillaries of the 
inflamed peritoneal cavit}’-, a equaled 0 42 Since a is an index of the slope and 
consequently of the rate of change of concentration of the dye, it is clear that 
the rate of fall of concentration of trypan blue in the capillaries of an inflamed 
area is almost twice as rapid as m the capillaries of the normal mesentery The 
dye obviously diffused outw'ard into the extracapillary spaces, as can be seen by 
direct observation and, of course, by the fact that the dye stains the cells of the 
extracapillary spaces This does not necessarilj'^ mean that the fall of concen- 
tration 111 dye within the capillaries is an exact measure of the amount of dye that 
passes through their walls, for it is conceivable that there may be other factors 
involved How'ever, in view of our previous studies, showing that trypan blue 
injected intrai enously rapidly passes into an inflamed area, it is believed that the 
increased rate of fall of concentration is a measure of increased passage of dye 
through the capillarj wall 

Landis showed that capillaries injuied by alcohol and mei curie 
chloride aie permeable to the plasma colloids and approximately seven 
times more permeable to fluids than the normal capillary wall It seems 
probable that similarly the inflammatory irritant may have a direct 
toxic effect on the capillaiy walls and, by increasing their permeability, 
may cause a fall m the osmotic pressure of the plasma colloids Such 
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direct injury would result in an inci eased rate of filtration of the 
dye in the inflamed area and would account for the increased rate of 
fall m concentration of the dye within the capillaries Landis/® how- 
ever, recently demonstrated that when a wheal is formed on the skin 
by freezing or when a blister is caused by the application of cantharides 
plaster, the average capillary pressure at the point of injury rises 
appreciably This factor in addition to increased capillary permeability 
will also increase the filtration of substances into the extracapillary 
spaces 

Further studies weie then undertaken to see whether a metal 
would, like the dye, be fixed in situ by the inflammatory reaction 
Iron was selected because of the ease of detecting this metal in tissues 
qualitatively by the prussian blue reaction When colloidal iron or 
ferric chloride is injected into the normal peritoneal cavity of rab- 
bits, it rapidly accumulates in the retrosternal lymph nodes, as is shown 
by the prussian blue reaction, but it fails to reach these lymph nodes 
when It IS injected into a peritoneal cavity in which inflammation has 
been caused either by aleuronat or by Staphylococcus am eus Quanti- 
tative studies by the method of Kennedy of the iron content of these 
lymph nodes in animals injected intrapentoneally with ferric chloride 
revealed 56 7 per cent more metal m the nodes of the animals with 
normal peritoneal cavity than m those with inflamed peritoneal cavity 
Experiments were then performed to demonstrate the accumulation 
of the metal m inflamed areas when ferric chloride was injected into 
the circulating blood stream Acute inflammatoiy reactions of from 
SIX to seven hours m duration were obtained by the injection of 
Staphylococcus aureus into the skin of the abdomen of rabbits Such 
acute inflamed dermal areas do not themselves give the prussian blue 
reaction, but when ferric chloride is injected intravenously the metal 
becomes demonstrable in these areas by the qualitative tests Quanti- 
tative determinations show, in inflamed areas of the skin of non- 
injected animals, as an average figure 9 7 mg of iron per hundred 
grams of dry tissue as compared with 16 2 mg in the inflamed areas 
of the skin of animals injected intravenously with feme chloride, or an 
increase of 67 per cent m iron content after the introduction of the 
ferric salt The average iron content of normal areas of the skin in 
injected animals is 10 4 mg as compared with 8 4 mg in nonmjected 
animals, showing an increase of 23 8 pei cent as a result of injecting 
the metallic salt Thus about three times more metal accumulates in 
inflamed than in normal areas of the skin These observations show 
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that iron, like trypan blue, accumulates in an inflamed area when 
injected intravenously and is flxed there by the inflammatory reaction 
These studies may have clinical applications It is conceivable that 
by the accumulation of dye, iron or other materials m an inflamed area, 
the charactei or course of development of the inflammatory reaction 
may be altered 

As previously mentioned, Opie showed that foreign protein injected 
into the skin of an actively immunized animal is fixed at the site of 
injection where the contact of antigen and antibody causes an acute 
inflammatoiy leaction (phenomenon of Arthus) In view of this 
work on immunized animals and of the results obtained with trypan 
blue and iron, expeiiments weie undertaken to determine whether a 
readily identified foieign protein such as horse serum injected into an 
area of inflammation caused by either bacteiia or a sterile irritant would 
also be retained in situ by the inflammatory reaction 

Horse serum was injected into the peritoneal cavity of normal 
rabbits and of rabbits that had previously been given an intrapentoneal 
injection of an inflammatory iriitant The presence of the foreign pro- 
tein was tested by the piecipitin reaction on blood samples removed at 
varying intervals from the heart It was found that horse serum 
injected into an inflamed peritoneal cavity penetrates into the blood 
stream less rapidly than when introduced into the normal cavity 
Furthermore, it was noted that when the foreign protein is injected 
into a cutaneous inflammatory area, it is held in situ for a longer 
period than when injected into an inflamed peritoneal cavity 

These experiments show that, like tiypan blue and iron, complex 
foreign proteins such as are found m horse serum when injected into 
an inflamed area (caused in Opie’s experiments by the contact of anti- 
gen and antibody and in the present experiments by a sterile irritant) 
are held fixed by the inflammatory reaction 

With the demonstration that the penetration of horse serum into 
the blood stream is delayed at the site of inflammation, the attempt was 
made to determine whether, as with trypan blue and ferric chloride 
previously studied, horse serum injected into the circulating blood 
stream would accumulate in inflamed aieas to a greater extent than in 
normal tissue 

Areas of cutaneous inflammation were induced by the injection of 
about 0 2 cc of a saline suspension of Staphylococcus aureus into the 
skin of the abdomen of rabbits About three hours later, 10 cc of 
horse serum was injected intravenously The animal was killed when 
the inflammation was of from five to six hours’ duration Saline 
extracts obtained from the inflamed areas of the skin and normal 
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areas of the skin weie tested for the presence of horse seium It was 
consistently found that a greater concenti ation of the foieign protein 
could be recovered from the site of inflammation than from the cor- 
responding normal area of the skin These results are, therefore, 
similar to those obtained with trypan blue and with ferric chloride 
The accumulation of foreign protein in inflamed tissue is doubtless in 
part the result of the increased passage of fluid from the circulating 
blood stream, but the obseivations previously lecoided indicate that its 
escape from the site of inflammation is letarded 

These observations offered a means of explaining an interesting 
observation made some yeai s ago by Auer This investigator showed 
that if the ear of a rabbit immunized with horse serum is painted with 
xylene following leinjection of the homologous antigen into the peri- 
toneal cavity, an intense inflammatory reaction followed by necrosis 
takes place m the affected ear No such seveie reaction was seen when 
xylene had been applied to the eai of a noimal rabbit after a single 
injection of horse serum 

In view of the observations on the accumulation of foreign protein 
in inflamed areas it is highly probable that the reaction in Auer’s 
experiment is simply the result of an accumulation in the inflamed 
ear of sensitized animals of antigen and antibody fiom the circulating 
blood stream The contact of antigen and antibody in the tissues evi- 
denth causes an acute inflammatoiy leaction, thus intensifying the mild 
reaction produced by xylene alone This explanation was veiified by 
the demonstration in several experiments that hoise serum from the 
circulating blood accumulates in greater concentration in the inflamed 
than in the normal eai 

It IS also possible that the phenomenon of focal leaction in tuber- 
culosis may be explained by the foregoing observations When 
tuberculin is introduced into the blood stream of an animal with a tubei- 
culous lesion, an intense inflammatory reaction may develop in the 
lesion The mechanism of this focal reaction in tubeiculosis is not 
understood It is conceivable in view of the expeiiments with horse 
serum that in a like manner tuberculoprotem from the blood stream 
may accumulate in the inflamed tuberculous lesion and by its piesence 
there induce a local inflammatory reaction 

Some recent work by Shwartzman described an interesting 
leaction that occurs when the filtrate of B typhosus is injected into 
the skin of rabbits If twenty-four hours later the same filtrate or a 
filtrate of a nonrelated organism such as the meningococcus is intro- 
duced into the blood stream, hemoirhagic necrosis often takes place at 
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the site of the injection into the skin The observations that I have 
piesented on the accumulation and fixation of foreign pioteins at the 
site of inflammation suggest that the intense leaction of the skin fol- 
lowing the intravenous injection of bacterial filtrates may be the result 
of an accumulation of these substances in an aiea of skin already 
inflamed, with lesultmg accentuation of the original cutaneous lesion 
The leaction does not necessarily have to take place with all bacterial 
filtrates or inflammatory iiiitants Questions involving degree ot 
capillary peimeability and of optimum synergistic action of two irii- 
tatmg substances on one another may modify the final reaction Con- 
ceived fioni this angle, it is suggested that the phenomenon may be 
puiely a nonspecific reaction resulting from the accumulation of an 
irritating substance m an inflamed area Frisch recentl)^ demonstrated 
that this reaction took place m the prepared area of skin if the bacterial 
filtrate was injected intrapentoneally When, however, the filtrate had 
previousl}^ been injected seveial times into the peiitoneal cavity, the 
cutaneous reaction failed to occur when the filtrate was injected mtra- 
peritoneally, but not when it uas injected intravenously The failure 
of the reaction may perhaps be explained in terms of fixation of the 
bacteiial filtrate m a peritoneal caMty inflamed by preliminary injections 
of the filtiate 

The studies on fixation have lecently been extended to include bac- 
teria and particulate matter The accumulation of bacteria at the site 
of inflammation fiom the cii dilating blood stieam may explain the 
well known localization of bacteiia in a locus mmoris resistentiae m 
terms of increased capillary peimeability with subsequent accumulation 
and fixation of bacteria at the point of injury 

Aftei the demonstiation that the accumulation of foreign substances 
fiom the circulating blood in an inflamed aiea is doubtless associated 
with increased capillaiy peimeability, studies were extended m an 
attempt to deteimine the mechanism of fixation by the inflammatoi}' 
reaction 

The leukocytes aie probably not a very significant factor m the 
mechanism of fixation, for two leasons Histologically, no definite 
evidence could be obtained of phagocytosed particles m the leukocytes 
of the inflamed area at a time when fixation of foreign substances was 
aheady demonstrable by examining the tributary lymphatics In the 
second place, fixation of trypan blue at the site of inflammation was 
shown to occur as eaily as tliiity minutes after the injection of the 
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inflammatory irritant The occurrence of fixation at this early stage 
of the inflammatory reaction, when there are as yet relatively few 
leukocytes present, seems to point toward some other factor responsible 
for fixation 

A factor which may explain fixation is mechanical obstruction 
It IS conceivable that a network of fibrin and thrombosed lymphatics 
at the site of inflammation may arrest the passage of particulate mate- 
rial injected into such an inflamed area The dissemination of fluids 
would probably also be retarded by mechanical obstruction of this 
kind, though probably not as efifectively as solid particles which would 
be more readily caught m a fibrinous network In this connection it is 
interesting to note that some years ago Opie shrowed that when 
cantharidin is administered intramuscularly the flow of lymph through 
the thoracic duct is at first diminished, but later may be increased 
The decrease in the flow of lymph was accompanied by acute edema 
of the liver and of the gallbladder This edema was due -to plugging by 
fibrin of the afferent lymphatics and the sinuses of lymph nodes that 
dram these organs The observations of Adami - are also significant in 
this connection 

Even when inflammation (as in pericarditis) affects the whole evtent of a 
serous cavity, the layer of fibrin acts as a protective coat closing the Ijmphatic 
“stomata” hindering the free absorption of the morbid material by the lymph and 
blood vessels, and filtering bacteria out of such fluid as does find its way through 
to the tissues beneath 

In the endeavor to throw some light on the mechanism involved 
in fixation, a series of experiments was undertaken to determine whether 
the inflammatory exudate in itself possessed some property that might 
facilitate the fixing of foreign substances m the inflamed area 

It was found that when ferric chloride was added directly to the 
inflammatory exudate, heavy pi ecipitation occurred The compound 
formed is presumably a ferric proteinate When horse serum was 
added to the exudate and incubated at 37 C for a short interval of time, 
coagulation occurred When, however, trypan blue was added to an 
inflammatory exudate, no effect was noticed Yet this vital dye was 
shown to be definitely held in situ by the inflammatory reaction The 
reaction of fixation must be due primarily to some other mechanism 
than precipitation or coagulation of foreign substances by the inflam- 
matory exudate As it has been shown, however, that iron compounds 
are apparently more effectively held by the inflammatory reaction than 
trypan blue, it is possible that precipitation or coagulation of foreign 
substances acts as a secondary factor in the mechanism of fixation by 
preventing rapid dissemination from the site of inflammation 
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Sections were made of the inflamed tissue of rabbits m experiments 
m which either trypan blue or ferric chloiide had been shown to be 
fixed 111 situ by the inflammatory process There is, as a rule, a central 
area of dense leukocytic infiltration The intensity of the inflammatory 
reaction in the immediate neighborhood of veins and arteries is note- 
worthy It IS to be recalled that when the dye was injected intra- 
venously it would not always penetiate into the central zone of the 
inflamed area This is evidently due to thrombosis of the small vessels, 
for sections of such areas reveal some thrombosed vessels with acute 
inflammatory changes in the surrounding tissue 

Histologically, there is little evidence of phagocytosed particles of 
trypan blue or of iron within the leukocytes at a time when retention 
of these substances at the site of inflammation is clearly demonstrable 

It is of interest to note the meshwork of fibrin that is found usu- 
ally at the peiiphery of the zone of dense infiltration (fig 1) In the 
same region, caieful study reveals many lymphatic vessels which are 
thrombosed, one of which is illustrated m figure 2 The thrombus is 
characterized by numerous leukocytes within a delicate fibrinous reticu- 
lum The fact that there aie many occluded lymphatics and a dense 
network of fibrinous strands within tissues that are distended with 
edema at the site of inflammation supports the view that foreign sub- 
stances, especially solid particles, such as precipitated iron salts, can 
disseminate only with difficulty from the inflamed area through the 
regional lymphatic vessels 

If, as described, the thrombosed lymphatics and the network of fibrin 
m an acutely inflamed area are instrumental m preventing mechanically 
the free passage of substances from the site of inflammation, it follows 
that for the same reason similar substances injected at the periphery 
of the inflamed area should fail to enter it To test this hypothesis, the 
following experiments were conducted at the suggestion of Professor 
Eugene L Opie 

An inflammatory reaction was induced m the skin of the abdomen 
of a rabbit by the use of a bacteiial irritant {Staphylococcus aureus) 
or by injecting concentrated broth After a varying interval of time, 
trypan blue was injected at the penpheiy of the inflamed area in from 
four to SIX places In this way the inflamed area became circumscribed 
by a blue band In a normal area of skin, similar injections of dye 
were made to serve as control Several hours later, the inflamed area 
within the original circumscribed blue band showed no trace of dye 
whereas the normal area of skin was diffusely blue The dye had evi- 
dently failed to penetrate into the site of inflammation when injected 
at its periphery, owing to the presence of thrombosed lymphatics and 
of a fine network of fibrin in the tissue spaces Experiments of the 
same type reproduced m frogs yielded similar results 
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Fig 1 — Site of iiiflammation, showing network of fibrin in the subcutaneous 
tissue of a rabbit Trypan blue was injected directly into this area and was shown 
to be fixed in situ Low power magnification (From the Journal of Experimental 
Medicine) 



Fig 2 — Site of inflammation Same section as in figure 1, but in a different 
field A Emphatic occluded by a large thrombus High dry magnification (From 
the Journal of Experimental Medicine ) 
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Diiect observation with a binocular dissecting micioscope demon- 
stiated®° that in frogs the failuie of the dye to penetrate into an 
inflamed area was evidently due to the mechanical obstiuction of lym- 
phatic vessels by blood clots These obseivations have recently been 
confiimed with bacteiia 

Fixation of foreign substances by the inflammatory reaction is 
theiefore primarily due to mechanical obstruction caused by a fine net- 
work of fibrin and by thrombosed lymphatics at the site of inflamma- 
tion Further experiments are being conducted to determine the 
1 elation between exudation from blood vessels and change in lymph flow 
from the site of inflammation This phase of the problem still requires 
further investigation 

The leaction of fixation occuis extiemely eaily in the inflammatoiy 
process In some experiments/® it was found that as shoit an mteival 
as thirty minutes after the injection of an inflammatory irritant was 
sufficient to prevent the dissemination of a vital d}e from the 
site of inflammation This piompt and eaily reaction in the develop- 
ment of the inflammatory process circtimsciibes the iintatmg substance 
and allows a definite peiiod of time for the leukocytes to assemble for 
the purpose of phagocytosis Through this delicate nonspecific mechan- 
ism of fixation, the organism is piotected at the expense of local iiijuiy 

30 Menkin, V J Evper kled 53 179, 1931 



MECHANISM OF PRODUCTION OF SUB AURICULAR 
BEATS BY DIGITALIS BODIES-^ 

HARRY GOLD, MD 
ABRAHAM LIEBERSON, AB 

AND 

BEN GELFAND, MD 

NEW \ ORK 

While obseiving continuously the stung of the electrocardiograph 
in an experiment on animals, after digitalis had been injected, we noted 
that a noimal sinus rhythm was present when the animal was quiet, 
and that ventricular ectopic beats appeared temporarily after a struggle 
This phenomenon recurred many times m the same animal When 
the dose was increased, ectopic beats appeared and were uninfluenced 
by struggling In another experiment, ectopic beats appeared spon- 
taneously aftei an injection of digitalis and disappeared when the 
animal struggled Stiugghng obviously calls forth a variety of agencies 
acting on the heart Some of these agencies depend on the connection 
of the heart with the central nervous system, such as reflexes from 
various organs , others may produce their effects on the heart even 
after it has been isolated from the central nervous system, such as 
dynamic changes m the ciiculation or chemical factors in the blood, 
for example, epinephrine acting on the sympathetic nerve endings in 
the heart The present investigation was undertaken to extend the 
preliminaiy observations and to study some of the factors involved 
m the pioduction and abolition of ectopic beats by the struggling of 
an animal under the influence of digitalis 

REl lEW OF THE LITERATURE 

Patients under the influence of digitalis may not show premature 
ventricular contractions during rest, but frequently they show a con- 
sideiable number m the period of recovery after exercise Spontaneous 
premature ventricular contractions in patients are known often to 
dimmish in number or to disappeai during exercise, only to reappear 
in greater numbers during the period of slowing of the sinus rate 
following exercise 


* Submitted for publication, July 23, 1930 
From the Department of Pharmacology of the Cornell University Medical 
College 
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In the course of an electrocardiographic investigation ^ of various 
digitalis bodies, a result was obtained in early experiments that 
seemed to be at variance with those obtained by other investigators 
Robinson and Wilson- found that digitalis injected intravenously in 
several doses into the cat (10 pei cent of the calculated fatal dose 
eveiy ten minutes) called forth ventiiculai ectopic beats after the 
injection of approximately 70 pei cent of the fatal dose The per- 
centages foi the diffeient animals of this group were fairly uniform, 
a very low figure being exceptional (70, 77, 72, 87 5, 78, 100, 28, 70, 
71 5 and 64) With a specimen of tincture of digitalis which we 
employed m the same way, ectopic beats appeared much earlier m the 
first seven experiments, after about 45 per cent of the fatal dose had 
been admmisteied, a very high figure being the exception m this series 
(44, 29, 90, 30, 42, 53 and 30) In a larger series of experiments 
with this specimen of the drug, some higher figures were obtained, 
so that in the entire gioup of sixteen experiments, ectopic beats appeared 
after an aveiage of about 60 per cent of the fatal dose had been injected 
Theie were two important differences between our experiments and 
those of Robinson and Wilson Fust, we did not employ the same 
specimen of the drug Second, they used ether anesthesia, and our 
experiments were performed without general anesthesia 

Halse}' ® found that crystalline strophanthin injected intiavenously 
into unanesthetized dogs frequently called forth ventiicular ectopic beats 
after the administration of fiom 20 to 40 per cent of the fatal dose 
Gold and Edwards ^ observed that ectopic venti icular beats appeared 
only after 40 per cent or moie of the fatal dose of ouabain had been 
injected intravenously into dogs anesthetized with ethei 

All these observations have this factoi in common, namely, that 
ectopic beats weie produced with a smallei peicentage of the fatal dose, 
in both dogs and cats, in those cases in which the animals were not 
anesthetized by ether during the course of the injections This sug- 
gested that the ether might be the cause of the differences between 
the results obtained m unanesthetized animals and in those undei ether 
anesthesia, since m the latter condition the animals cannot struggle, 
and reflexes are depiessed 

It has long been known that the extrinsic cardiac neives play an 
impoitant pait m the action of digitalis on the heart Peaicy and 

1 Gold, H , Hitzig, W , Gelfand, B , and Glassman, H , Am Heart J 
6 237, 1930 

2 Robinson, G C , and Wilson, F N J Pharmacol & Exper Therap 10 
491, 1918 

3 Halsey, J T J Exper Med 25 729, 1917 

4 Gold, H , and Edwards, D J Am Heart J 3 45, 1927 
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Howaid® leported inteiesting expeiimental observations on the pio- 
duction of cardiac disturbances leflexly (elevation of the T-wave, 
deciease in the inteival R to end of T and ventiiculai ectopic beats) in 
the dog undei barbital anesthesia, b) stimulation of vaiious peiitoneal 
visceia They concluded fiom the expeiiments that the impulses passed 
ovei the sympathetic nerves (visceial afteient neives to the cord and 
sympathetic efifeient neives to the heart) and that the vagi weie not 
involved, because vagotomy did not influence the pioduction of the 
disturbances In some of these expeiiments it is piobable that a 
lelativel}'^ high degiee of digitalization had been pioduced because 
enough of the drug had been injected at the start to call forth spon- 
taneous ventnculai ectopic beats As we shall piesently show, the 
■\agal factor in the pioduction of ectopic beats may be much more 
in evidence after smaller doses of digitalis While it may be true that 
the leflex from the intestine to the heait is mediated diiectly through 
the sympathetics, it is piohable that the vagus (efteient to the heait) 
could be shown to exeit consideiable influence on the production of 
ventricular ectopic heats through stimulation of abdominal viscera under 
ceitam conditions aftei smallei doses of digitalis 

The part played by the extrinsic cardiac nenes m the leaction of 
the heait to digitalis has been investigated experimentally in gieat 
detail by Rothbeiger and Winteibeig They administered digitalis 
bodies to dogs and studied the effects of diiect electrical stimulation 
and paralysis oi excision of these neives on the vaiious caidiac stiuc- 
tures They showed that large doses of digitalis may call foith ven- 
tricular ectopic beats spontaneously but that after smaller doses, 
stimulation of the acceleiatoi neives may be necessaiy to produce 
them In some cases in which both of these factois aie insufficient, 
the additional stimulation of the vagus will pioduce them Rothberger 
and Winterbeig believed that sympathetic stimulation acts diiectly on 
the ventricle to inciease its rhythmicit}, already above normal as the 
lesult of the direct action of digitalis, while stimulation of the vagus 
pioduces no direct action but supplants a regular sinus ihythm by 
an idioventi icular ihythm through suppression of the sinus pacemaker 

Robinson and Draper" leported interesting observations on the 
pioduction of a subauncular ectopic rhythm by the suppression of the 
sinus through vagal stimulation in children with oiganic heait disease 
in whom there was other evidence of high sympathetic tone 

5 Pearcy, J F , and Howard, H Am Heart J 2 530, 1927 

6 Rothberger, C J, and Wmterberg, H Arch f d ges Physiol 150 217, 

1913 

7 Robinson, G C, and Draper, G J Exper Med 15 14, 1912 
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DETAILS OF THE EXPERIMENTS 

Expel iments were peifoimed on nineteen cats The animal nas 
tied on its back on the table Since only minor opeiations weie 
necessaiy, they were all peifoimed with local anesthesia with phenol 
in oil The excitement oi stiuggling vaiied in intensity and m duration 
but was usuall) veiy brief Sometimes it was spontaneous, at othei 
times it was induced by pinching of the hind leg The lattei pioceduie 
did not pioduce any electiocaidiogiaphic changes unless struggling 
followed Electrocai diogi ams weie taken, lead II being used In 
many cases, the tiacing was started befoie and continued during and 
aftei the stiuggle, m order to lecoid as accuiately as possible the 
vaiious time factois involved In most cases, the stung was observed 
almost continuously throughout the couise of the experiment Thiee 
membeis of the digitalis gioup weie used a tmctuie of digitalis in 
seven expei iments, digitoxm-Mei ck in six experiments and ouabain in 
six expel iments All injections weie made intravenously in the dilutions 
desciibed in the previous study ^ No qualitative diffeiences between 
these substances were detected with lefeience to the phenomenon 
under investigation, hence, for convenience, we shall lefer to the results 
in terms of digitalis alone 

In ordei to deteimine the pait pla}ed by reflexes involving the nei- 
vous connection of the heart to the cential neiAOUS system, experiments 
weie earned out in animals in which the heait was isolated by severing 
the vagi in the neck and lemovmg the infeiior ceivical and stellate 
ganglions on both sides by dissecting in the neck along the couise of 
the cerAUcal sympathetic trunk This opeiation was performed duiing 
ether anesthesia, the animal being allowed to recover from the anes- 
thesia during a peiiod of about two houis following the operation befoie 
the injection of digitalis was staited At this time, the animal was 
able to stiuggle violently, either spontaneously or after stimulation 

From eighteen to thirty-five electrocardiogi ams were obtained m 
each experiment In the accompanying tables and figures typical recoids 
are reproduced, illustrating the conditions under which subauriculai 
ectopic beats occur in the two stages in the action of digitalis The 
P-P and R-R inteivals were determined for the period of rest and 
at various times after the struggle Since the record was often taken 
continuously before, duimg and after the struggle (in some cases it 
was necessaiy to discontinue duimg the most violent period of the 
stiuggle), it was possible to determine changes with considerable pre- 
cision No attempt was made to lead the intervals to less than 001 
second Hence, when rates aie lefeired to as being the same, it is 
possible that there were slight differences, which were not detectable b} 
this technic 
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In speaking of ectopic beats in this paper, only those of subauncular 
(usually ventricular) origin will be referied to The intervals between 
subauncular ectopic beats will be designated r-r and those between 
normal beats, R-R inteivals 

It IS not feasible to present in detail the data of any numbei of 
the experiments An intensive analysis of some of the electiocardio- 



Chart 1 — Marked slowing of the sinus rate after the administration of a small 
dose of digitalis Struggling fails to produce ectopic beats 

grams obtained in one expeiiment is given to show the tj'pe of analysis 
carried out in all the others 

ExpEauMENT 1 — Matkcd Sloimng of the Stuns Rate, Stniggle Fails to Pio- 
dnce Ectopic Beats — The electrocardiogram of the normal control (chart 1) 
showed a P-P interval of from 0 29 to 0 33 second and a P-R interval of 0 08 
second Fifty per cent of the average fatal dose of digitalis was injected, and 
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within one minute the P-P interval became from 0 41 to 0 48 second, the positive 
T-wave became negative and the P-R interval remained unchanged After twent} 
minutes, 20 per cent more was injected, and the record eight minutes later showed 
a P-P interval of 0 72 second and a P-R interval of Oil second This slow sinus 
rate did not persist long, as is shown in tracing 9 The record taken twenty- 
five minutes after the second injection is given m tracing 6 During this period 
the animal was made to struggle eight times, but no ectopic beats were produced 


Table 1 — Effect of a Stuiggle on the Pi oductton of Ectopic Beats FoUoimng the 

Smallei Dose of Digitalis* 


P P Interval, 

B R Inter^ al. 

Time of Recording Seconds 

Seconds 

Immediately before struggle (condition of animal quiet) 0 32 

0 32 

After struggle — 

0 30 

— 

0 34 

One second after struggle — 

0 39 (R-r) 

— 

0 36 (r r) 

— 

0 36 (r r) 

— 

0 34 (r R) 

0 32 

0 31 

0 34 

0 36 

0 44 (P p) 

0 39 (R-t) 

0 36 (p p) 

0 37 (r r) 

— 

0 36 (r r) 

— 

0 37 (r B) 

0 32 

0 32 

0 33 

0 32 

0 35 

0 33 

0 40 

0 39 (R r) 

— 

0 37 (r r) 

— 

0 38 (r r) 

— 

0 38 (r r) 

— 

0 39 (r r) 

0 32 

0 36 (r R) 

0 32 

0 32 

0 32 

0 32 

0 32 

0 32 

0 41 

0 40 (R r) 

0 34 

0 36 (r R) 

0 36 

0 36 

0 34 

0 35 

0 37 

0 37 

Tracing tuo seconds long omitted (no ectopic beats in this record) 


0 33 

0 33 

0 33 

0 35 

0 36 

0 36 

0 35 

0 34 

0 33 

0 38 

0 36 

0 36 

0 34 

0 34 


* Tracing 10 of experiment 1, after the administration of 80 per cent of the average fatal 
dose of digitalis intra\ enouslj r = ventneular or nodal eetopic beats, — = unable to read 
intervals ivith precision, p = inverted auricular deflection 


Ectopic Beats Piodiiced by Stiuggle Aftei Sviall Dose, Rate Slowei Than 
That of Sinus Befoie Stiuggle — Eighty-two minutes after the second dose, a 
third injection of 10 per cent was made (total was 80 per cent of the average 
fatal dose in one hundred and two minutes) Three minutes later, struggling pro- 
duced ventricular ectopic beats During the subsequent period of two and three- 
quarter hours the string was watched continuously It was noted that there 
was a normal sinus rhythm when the animal was quiet, and that the ventricular 
ectopic beats appeared temporarily after struggling This effect of struggling 
was repeated eighteen times with only one failure during this period 

The conditions attending the pioduction of ectopic beats by stiug- 
gling after the administi ation of this dose of digitalis to this animal 
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aie illustiated in chart 2 and table 1 We lefei to this peiiod as the 
“vagal phase” of digitalis action (explained in the next section) Imme- 
diately before the stiugghng, a noimal sinus rhythm was piesent with 
an R-R interval of 0 32 second During the quiet peiiod after the 
stiugghng, seveial periods of ectopic beats occuiied, interrupted b} 
shoit senes of noimal beats The ectopic beats often occuired eaily 
111 the cycle and their rate was slowei than that of the sinus in the 
contiol, the r-i interval was 0 36 to 0 39 second Aftei the stiugghng 
a veiy maiked and rapidly changing sinus aiihythmia was piesent, the 
P-P interval dm mg the lapid phase being as low as 0 32 second and 
dm mg the slow phase as high as 0 44 second The ectopic beats weie 
not present immediately following the stiuggle, but appealed after an 
interval of about one second None of the foui series of ectopic beats 
began during the peiiod of the lapid sinus late, they began only aftei 
the latter had slowed considerably below the resting rate of the control 
Thus, wdiile the R-R interval befoie stiugghng was 0 32 second, the 
interval lengthened in each case to 0 39 second or moie before ectopic 
beats appealed In the early pait of the tiacing, m which ectopic beats 
occuired, the P-P inteivals vaiied between 0 32 and 0 44 second, and 
in the latter pait, when ectopic beats weie absent, the vaiiations weie 
much smaller, between 0 33 and 0 38 second As the intensity of the 
sinus arrh}thmia diminished, theiefore, the ectopic beats disappeaied 
The rate of the ectopic beats was most rapid at fiist and then giadually 
became slow^ei Thus the i-r interval of the first series was 0 36, of 
the second series from 0 36 to 0 37 and of the thud senes from 0 37 
to 0 39 second 

We have already noted that the interval between the R wave of 
the last normal beat and that of the first ectopic beat (the R-i interval) 
was constant, about 0 39 second m the record of table 1 However, this 
interval following a given dose of digitalis was not the same after 
dififerent struggles, as one would expect, since it is obviously impossible 
to pioduce any two struggles of exactly the same intensity or duration 
Table 2 show^s some of these vaiiations The records of eight tiacmgs 
are reproduced, taken fiom the same animal and after the injection of 
the same dose of the drug These tracings are similar to those in 
chart 1, each having been taken after a period of struggling Table 2 
also shows that ectopic beats occurred only after marked slowing of 
the sinus late and that the amount of slowing before the appeal - 
ance of ectopic beats m the different tiacings was not the same In 
one instance, the ectopic beats appeared after a P-P interval of 0 38 
second, while m another case, they were absent even after a P-P 
interval of 0 61 second Aftei a given struggle, however, the amount 
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of slowing in the sinus rate before ectopic beats occurred showed a 
ceitain type of constancy if moie than one series of ectopic heats, 
inteirupted by a senes of noimal beats, was piesent in the record 
Thus in tracing 11 (table 2), each of the two series of ectopic beats 
began when the sinus rate had slowed to a P-P interval of 0 64 second ; 
in tiacing 12, the mteival in each case was 0 47 second, and so on 
This was, however, not absolutely constant (tracing 15, table 2) 
Fuitheimoie, while a slowing to a P-P inteival of 0 38 second was 
followed by ectopic beats in tracing 14 d, a greater slowing to 0 40 
second in tiacing 13 was not followed by ectopic beats As far as 


Table 2 — Vanations m the Sloiuing of the Sinus Rate Befote the Appeal ance of 
Ectopie Beats FoUozuing Stiuggles of Diffeient Intensity and Duiation 



Longest P P 
Inter\ nl of 

P P Interval Between 
List Normal and 

Series of 


Normal 

Pirst Vcntrieular 

Ectopic 


Rh j thin. 

Lctopic Bent, 

Beats in the 

Tracing 

Seconds 

Seconds 

Tracing 

10 

0 43 

0 48 

One 

11 

0 14 

0 04 

First 


0 61 

0 04 

Second 

12 

0 38 

0 40 

First 


0 38 

0 47 

Second 


0 38 

0 47 

Third 

13 

0 40 


None 

14-c 

0 40 

0 52 

First 

14 d 

0 30 

0 42 

First 


0 36 

0 38 

Second 


0 36 

0 38 

Third 

14-c 

0 38 

0 44 

First 


0 38 

0 44 

Second 

15 

0 30 

0 40 

First 


0 30 

0 40 

Second 


0 36 

0 41 

Third 


0 30 

0 52 

Fourth 


0 30 

0 52 

Fifth 


0 30 

0 52 

Sixth 


0 30 

0 52 

Seventh 


one could judge, the weakest stiuggle preceded tracing 13 and the 
strongest struggle in this peiiod preceded tracing 14 c/ It is therefore 
clear that if the slowing of the sinus rate following a struggle stands 
in an)'^ causal relation to the appeal ance of ectopic beats in the partially 
digitalized heart, it is not the only factor lesponsible for then appear- 
ance 

Ectopic Beats Pioduced by Stiuggle Aftei Laigci Dose, Rate Slightly Fa-stei 
Than Sinus Rate Bcfoie Stiuggle — In three hours after the last dose of digitalis, 
struggling no longer called forth ectopic beats Occasionally a single ectopic beat 
would appear after a strgugle , there were six struggles in a period of seventeen 
minutes We interpreted this result as due to the elimination of the rapidly 
eliminated fraction of digitalis, since sufficient time had elapsed for this to occur 
An additional dose of 10 per cent was then injected, and two minutes later strug- 
gling was again effective in producing ectopic beats The conditions attending 
the appearance of ectopic beats after this larger dose of digitalis are shown in 
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chart 3 and table 3 The P-P interval of the period before the struggle was 
practically the same as that after administration of the 80 per cent dose in 
table 1, namely, 0 32 second Again ectopic beats did not appear immediately, but 
began five seconds after the struggle and after the slowest sinus beat of the phase 
m wdnch recovery takes place The first ectopic beat occurred early m the cycle, 
002 second before the supraventricular beat w'as due, and at a time wdien the 
sinus rate had not decreased below' that of the resting level, unlike that following 
the smaller dose of digitalis (table 1) Whereas the ectopic rhythm produced bj 
struggling follow'ing the smaller dose w'as ne\er faster than an r-r interval of 
0 36 second, it w'as never slower than an r-r interval of 0 32 second after the 
larger dose of digitalis 

Stiugglc Fails to Piodticc Ectopic Beats Aftci Paialysis of Vagi — Fifteen 
minutes after the administration of the last dose of digitalis, the animal received 
atropine sulphate, 5 mg per kilogram injected intravenously, to paralyze the vagi 
Struggling seven times during the nevt forty-four minutes failed to produce 
ectopic beats A typical record obtained in this period is found in chart 4 The 
paralysis of the vagi did not accelerate the sinus rate appreciably, the P-P interval 


Table 3 — Effect of a Stinggle on the Pioduciion of Ectopic Beats Aftci the 

Laigci Dose of Digitalis'^ 



P P Inten al, 

R R Inten al, 

Time of Recording 

Seconds 

Seconds 

Immediately before struggle (condition of animal qu ct) 

0 32 0 34 

0 33 

4fter struggle 

0 27 

0 28 


0 30 

0 32 


0 32 

0 30 (R r) 

Five seconds after struggle 

r 

0 32 (r r) 


* Tracing 27 of e\permient 1, after ndmini'stration of 90 per cent of the aierage fatal dose 
of digitalis mtravenouslj r ■= ^cntrlcula^ or nodal ectop c beats 


before the injection of atropine w’as from 0 32 to 0 34 second, and five minutes 
after the injection it was from 0 32 to 0 33 second (compare 28 b of chart 4 wuth 
the tracing made before the struggle in chart 3) In the tiacings after the struggle 
(28 c of chart 4) wnth the vagi paralj'zed, no P-P interval was longer than 0 28 
second This result was expected, since the slowung action of the vagi on the sinus 
had been excluded, and a slowung of the sinus then occurred only when the 
stimulation of the accelerator by the struggling began to subside 

The part played by the vagi was also tested in other ways In one experiment 
in which struggling produced ectopic beats after an intravenous injection of 015 
mg of digitoxin per kilogram, electrical stimulation of either vagus in the neck 
produced an ectopic rhythm In tw'o other experiments in which the vagi were 
cut during the stage of the action of digitalis in which ectopic beats were pro- 
duced by struggling, the latter phenomenon disappeared The exact interpretation 
of this result was not possible, because marked respiratory disturbances occurred 
in these instances, and when the trachea w'as opened to relieve the respiratory 
distress, marked acceleration of the heart occurred For these reasons atropine 
was used to exclude vagal action in most of the experiments 

Stinggle Again Piodnces Ectopic Beats Aftei Additional Dose of Ding, 
Though Vagi Ai e Paialyzed — An additional 10 per cent of the average fatal dose 
of digitalis was injected twenty minutes after the injection of the atropine, and 
following a delay of about twenty-four minutes ectopic beats again appeared after 
struggling Struggling during this delay failed to produce ectopic beats The 
record obtained after paralysis of the vagi and after the administration of the 






Chart 5— Ectopic beats produced, despite paralysis of the vagi, by struggle 
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100 per cent dose of the drug is shown in chart 5 and table 4 While the sinus 
rate m the period of rest was not changed by paralysis of the vagi, the injection 
of an additional dose of digitalis increased the sinus rate of the animal while at 
rest from a P-P interval of 0 32 to one of from 0 29 to 0 30 second, and the P-R 
interval was increased from about 0 10 to 0 12 second 

In this record, the ventricular ectopic rhythm appeared following 
the struggle after the longest pause m the basic rhythm The absence 
of definite P-waves after struggling suggests that the basic rhythm 
after struggling originated m the am iculo ventricular node The othei 
possibility IS that the basic rhythm was a sinus rhythm with a long 
P-R interval, the P-wave being supei imposed on the T-wave 

Table 4 — Effect of a Stiuggle on the Pioduchon of Ectopic Beats Aftei 
Paialysis of the Vagi by Au opine ^ 



P P Interval, 

R R Interr al, 

Time of Recording 

Seconds 

Seconds 

Immediately before struggle (condition of animal quiet) 

0 29 0 30 

0 29 0 30 

After struggle 

— 

0 25 


— 

0 25 


— 

0 27 


— 

0 23 


— 

0 32 (R r) 

Seventeen seconds after struggle 

— 

0 28 (r r) 


* Tracing 30 of experiment 1 — = intervals cannot be read, r = ventricular ectopic beats 


Table 5 — Intei-vals Between the Cessation of SUngghng and the Appearance of 
Ectopic Beats with the Vagi Intact and After Paralysis of the Vagi 
by Atropine in Experiment 1 



Vagi Intact, 


Vagi Paralyzed, 

Electrocardiogram 

Seconds 

Electrocardiogram 

Seconds 

16 

1 0 

30 b 

15 

18 b 

50 

31-c 

60 

19 b 

3 5 

32-c 

60 

20 b 

10 

36 b 

25 

21b 

40 



21 d 

40 



26 b 

20 



27 

50 




In the records made after the injection of the 80 per cent dose, 
the rate of the ectopic rhythm was slower than that of the sinus rhythm 
before the struggle, m those after the injection of the 90 per cent 
dose, the former was nearly equal to the latter, and those after the 
injection of the 100 per cent dose, the foimei was faster than the 
latter 

Paralysis of the Vagi Delays Appearance of Ectopic Beats — In 
this animal, therefore, with certain doses of digitalis, paralysis of the 
vagi prevented the production of ectopic beats by struggling When 
the dose of digitalis was increased, ectopic beats again occurred, even 
in the absence of the vagal ^influence, but there was maiked delay 
between the struggle and their appearance This is shown m table 5 
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Whereas they appeared in fiom one to five seconds when the vagi 
were intact, theie was a delay of from fifteen to sixty seconds after 
the vagi were paralyzed 

Since ectopic beats were produced by the larger doses of digitalis 
forty-foui minutes after the administration of atropine, the possibility 
was consideied that their reappeaiance might have been due to at least 
partial recovery of the vagi m this peiiod of time, rather than to the 
additional quantity of digitalis acting in the absence of control of the 
vagus That this was not the case, however, was shown by the fact 
that when the dose of atropine was lepeated one hour after the first 
dose, it was entirely without influence on the phenomenon of the 
production of ectopic beats by stiugghng 

COMMENT 

In the course of the work we discovered that when digitalis is 
injected slowly intravenously (from 5 to 10 pei cent of the average 
fatal dose at consecutive intervals of from five to ten minutes) the occur- 
rence of subauriculai ectopic beats can in most cases be divided into 
two stages in the oidei of the quantity of the drug required (1) the 
stage in which ectopic beats may be pioduced oi abolished by struggling 
and (2) the stage m which the ectopic beat or rhythm occurs and 
remains uninfluenced by struggling This was demonstrated in another 
way during the peiiod of elimination of the diug In several expeii- 
ments the following phenomena weie observed A given dose of 
digitalis produced ectopic beats only aftei struggling , the dose was 
increased with the result that a spontaneous ectopic rhythm (without 
stiugghng) appeared, this persisted for vaiying periods of time (some- 
times for days), after which the tracings foi the contiol again showed 
a normal sinus rhjthm with ectopic beats produced by struggling only, 
the latter, after varying periods of time (for several days in some 
experiments), was followed by a condition in which ectopic beats were 
absent in the resting period and could not be produced by stiugghng 
The dosage necessary to produce the first stage varied fiom about 40 
to 75 pel cent of the average fatal dose The percentage of the actual 
fatal dose for a given animal pioducing the various phenomena was 
not considered, because the total quantity was given in seveial doses 
These experiments fiequently lasted foi many houis, hence, consider- 
able elimination of previous doses took place 

We found, further, that both stages of action may be pioduced 
(a) in the intact animal, (&) after the vagi are severed in the neck 
or paralyzed by atropine, and (c) after double vagotomy in addition 
to the removal of both inferior cervical and stellate ganglions An 
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analysis of the details of the results m relation to the doses of the 
drug revealed differences in the behavior of this phenomenon which 
show that while under certain conditions neither the vagi nor the stellate 
ganglions are essential, they may play an important role when they 
are intact 

The individual experiments yielded results that are m many cases 
seemingly contradictory owing to the counterplay of several forces 
These forces are at times difficult to follow, and it is hard to estimate 
the role played by each because they may all be brought into play at the 
same time, but most of the observations may be correlated if interpreted 
in the light of certain generally accepted views relating to the physiology 
of the heait and the action of digitalis 1 The injection of digitalis 
directly increases the rhythmicity of the various cardiac structures 
capable of initiating impulses, the sinus, the auriculoventncular node, 
and the ventricle 2 The center with the highest rhythmicity tends 
to become the pacemaker 3 The vagus and sympathetic nerves act 
on some of these structuies to change their rate and by stimulation 
serve to intensify the direct action of the drug, and the vagi do not 
alter ventricular rhythmicity directly, while sympathetic stimulation acts 
directly to increase it (Rothberger and Winteiberg) 

In experiment 1, while struggling produced ventricular ectopic 
beats, the appeal ance of the latter depended to a large extent on 
changes occurimg in the recovery phase after the struggle (chart 2) 
Struggling depresses the vagi and stimulates the accelerator nerves 
The sinus rate is increased as a result of a combination of these two 
actions m various proportions The sinus acceleration alone tends to 
prevent the appearance of ventricular ectopic beats, while the simul- 
taneous action of the accelerator neives on the ventricle favors their 
production For a short period after the struggling, vagal tone fre- 
quently increases beyond that of the rest period before the struggle 
After the 80 per cent dose of digitalis in this experiment, the ven- 
tiicular ectopic rh}i;hm produced by struggling was slower than the 
sinus rate of the animal at rest, hence, the vagal factor m its production 
For this reason, and for convenience of discussion we refer to this 
as the “vagal phase” of the action of digitalis That this dose of the 
drug had increased the rhythmicit)’^ of the ventricle was seen from the 
fact that a stiuggle following a smaller dose failed to call forth ectopic 
beats, even though a greater amount of slowing of the sinus rate had 
occurred (chart 1) Thus far, only two factors could be detected, 
first, digitalis had increased the rhythmicity of the ventricle by a direct 
action, second, the vagal tone had been markedly increased above 
noimal in the recovery phase after the struggle, thereby making the 
sinus pacemaker slower than the ventiicle and allowing the latter to 
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obtain temporary contiol As the vagus released the sinus during 
the period of exaggerated sinus airhythinia, the ectopic rhythm dis- 
appeared 

Evidence that struggling also pioduced a direct change in the ven- 
tricle was obtained only after injection of the larger dose of the drug 
(90 pel cent of the average fatal dose) In this case the rate of the 
ectopic rhythm induced by struggling was the same as, or slightly more 
rapid than, the sinus rate of the animal at rest (chart 3) Here then, 
it IS appaient that the rhythmicity of the ventricle had increased as the 
result of the struggle, and in all piobability due to stimulation by an 
accelerator The eftect was not seen immediately after the struggle 
because of the simultaneous acceleiation of the sinus rate (above that 
of the ventricle) The effect of stimulation by an accelerator on the 
ventricle lasted longer, however, than that on the sinus, as one would 
expect, since the sinus recovers after struggling, not only by the dis- 
appeaiance of sympathetic action but by actue return of vagal control 
The teim “accelerator phase” is used by us to indicate the peiiod of 
action of digitalis in which struggling produces ventiicular ectopic beats, 
the rate of which is the same as, or exceeds that of the sinus before 
the stiuggle 

Depending on a numbei of ciicumstances, the appearance of ectopic 
beats after struggling was either prevented, delayed or uninfluenced 
by paralysis of the vagi With the smaller doses of the drug, in cases 
in which depression of the sinus was necessary before the latter became 
slower than the ventricle, the vagal factor was essential (chart 4) 
At this stage complete paialysis of the vagi prevented the heart from 
slowing sufficiently to pioduce ectopic beats after struggling When 
the dose of the drug was increased, the accelerator factor excited by 
struggling became sufficient to produce ectopic beats even m the absence 
of vagal control (chart 5), but there was considerable delay in their 
appearance This delay is caused by the simultaneous acceleration of 
the sinus, which takes longer to slow in the absence of the return of 
vagal tone It is not possible to compare the actual intervals of time 
in one animal with those in another because of the marked variations 
The role of the vagus in the delay is demonstrated, however, by the 
fact that in any single animal paralysis of the vagi under given condi- 
tions may delay the appearance of ectopic beats after struggling (table 
5) The delay may conceivably last long enough to peimit the recovery 
of the ventricle and thus prevent the appearance of ectopic beats after 
a struggle 

When still larger doses of digitalis were gnen to this animal, strug- 
gling produced ectopic beats with little or no delay even in the absence 
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of vagal control, because the rhythmicity of the ventricle in the period 
of rest was now so marked that the addition of the accelerator factor 
by struggling rendered the rate of the ventricle equal to or more 
rapid than that of the sinus Under these circumstances, paralysis 
of the vagi proved to be without visible influence on the production 
of ectopic beats by struggling This shows that the part played by 
the vagus and the sympathetic nerves is not a fixed one, and that with 
change m the conditions of the experiment very different results may 
be obtained, the role of these nerves may change from one m which 
the}'^ are essential to one m which they seem to play no part 

In this experiment, therefore, two distinct phases m the action of 
digitalis may be recognized (1) the “vagal phase,” in which an essen- 
tial factor m the production of ectopic beats by struggling is the 
increased vagal tone after the struggle, and in which paralysis of the 
vagi may pi event the appearance of ectopic beats after a struggle, (2) 
the “accelerator phase,” in which struggling produces ectopic beats 
even after paralysis of the vagi, though the severity of the struggle, 
the interval before the appearance of the ectopic beats or their duration 
may be modified The former phase occurs after the relatively smaller 
doses of the drug, the latter after the larger ones 

Since the tone of the vagus varies greatly in different animals and 
may be absent in some, it is to be expected that in the animal in which 
the tone is low during the period of rest and in which little increase 
occurs after struggling, the vagal phase in the action of digitalis will 
be absent An example of this was found in experiment 3 While 
70 per cent of the average fatal dose of digitalis slowed the sinus rate 
from about 200 to about 84 beats per minute in experiment 1, the degree 
of slowing at all times in experiment 3 was negligible, from a rate 
of 200 to one of 190 beats per minute, and throughout the experiment 
the rate was generally above 200 beats per minute Ectopic beats 
appeared later in the period of poisoning, only after 95 per cent of 
the average fatal dose had been injected in a period of sixty-nine min- 
utes At no time was the ectopic rhythm (induced by struggling) pre- 
ceded by perceptible slowing of the sinus and the rate of the former was 
practically the same as, or faster than, that of the latter In this 
animal the paralysis of the vagi by atropine was without influence 
on the production of ectopic beats by struggling 

Experiments 1 and 3 illustrate two extremes, namely, one in which 
the vagal phase is marked and one in which the vagal phase is absent 
In the first, marked increase of vagal tone occurred almost umforml}' 
after struggling, with the result that struggling in this phase of the 
action of digitalis failed to call forth ectopic beats only once out of 
eighteen trials in a period of two and three-quarter hours In the 
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second, there was practically no increase of vagal tone , hence the vagal 
phase was entirely absent In another expeiiment the increase of the 
vagal tone after stiugghng was extremely irregular (experiment 2) 
with the result that struggling frequently failed to produce ectopic 
beats in the vagal phase of the action of digitalis 

The vagal phase made itself evident m another way in experiment 
4 Seventy per cent of the aveiage fatal dose of digitalis caused 
marked slowing of the sinus rate m experiment 1, but no ectopic beats 
occurred In experiment 4, 50 per cent of the average fatal dose 
caused less marked slowing of the sinus late but at the same time so 
increased the rh 3 thmicity of the ventricle that a ventiicular ectopic 
rhythm appeared without any struggling The sinus rate diminished 
from a P-P interval of from 0 30 to 0 34 second to one of 0 40 second 
and an ectopic rhythm appeared with an r-r interval of 0 38 second 
Under these conditions, struggling by inhibiting the vagus and accel- 
erating the sinus abolished the ectopic rhythm The vagus remained 
in a state of partial inhibition dm mg a consideiable period of rest 
as seen from a rathei rapid sinus rate (P-P interval 0 28 second) 
Ectopic beats were then produced during the period of increased vagal 
tone aftei a struggle (r-r interval 0 36 second) The importance of the 
vagal action was again seen when a spontaneous ectopic rhythm (r-r 
interval from 0 36 to 0 38 second) was remduced by an additional dose 
of digitalis while the animal was quiet This time vagal influence 
was lemoved, not by struggling, but by atropine Atropine sulphate, 
10 mg per kilogram, was injected intravenously and within one-half 
minute, a normal sinus rhythm was established with a P-P interval of 
from 0 28 to 0 30 second During a period of eighteen minutes follow- 
ing the injection of ati opine the animal was made to struggle seven 
times and no ectopic beats were produced, i e , the addition of the 
accelerator factor by struggling in the absence of the vagal control 
was insufficient to produce an ectopic rhythm When the dose of 
digitalis was further increased, struggling again produced ectopic beats, 
but with a late much higher than in the early part of the experiment, 
the r-r intervals being from 0 24 to 0 26 second In this experiment, 
therefore, struggling both abolished the spontaneous ectopic rhythm 
and induced an ectopic rhythm when it was absent during the control 
period 

Thus far we have seen that in a given animal the rate of the ectopic 
rhythm following a struggle was either the same, slower, or faster 
than the sinus rate when the animal was at rest after a given dose of 
digitalis In experiment 15 a, two phases of action were obtained after 
the same dose of the drug Electrocardiogram 11 (chart 6) was taken 
after an intravenous injection of 0 15 mg of digitoxin-Merck per 
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kilogram The tiacmg was taken continuously befoie, duiing and 
after the struggle, and^illustrative sections 1 to 7 are reproduced In 
the control period when the animal was at rest there was a marked 
sinus arrhythmia, the P-P interval varying from 0 30 to 0 37 second 
(section 1) This was abolished during the struggle, and immediately 
afterward the P-P interval was 0 24 second (section 2) The first 
ectopic beats appeared about thirty seconds after the struggling (sec- 
tions 3 and 4), and their rate was faster than that of the sinus rate 
of the control (section 1), namely, r-r intervals of 0 28 and 0 30 
second, respectively During the next thirty seconds eleven short periods 



Chart 6 — Electrocardiogram illustrating the occurrence of both the accelerator 
and vagal phases of the action of digitalis after a single struggle 


of ectopic beats occurred, interrupted by periods of normal beats The 
rate of the ectopic beats in the successive periods became progressively 
slower until the last period, one minute after the struggle, when the 
ectopic rhythm was slower than the sinus rate of the control animal 
at rest, namely, an r-r interval of 0 40 second (tracing 7) The sinus 
rate was now also slower than at any time during the control period 
before the struggle, the P-P interval being 0 42 second 

In this case the rhythmicity of the ventricle already increased by 
the direct action of the drug was further increased by the accelerator 
factor as the result of struggling to such an extent that an ectopic 
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rhythm appealed with a late that was faster than that of the resting 
sinus As the acceleiator factoi subsided in the succeeding period of 
rest, the rate of the ectopic beats diminished When the ectopic beats 
became slower than the rate of the resting sinus, they continued to 
occur only because of the simultaneous increase in the intensity of 
the vagal action on the sinus In this experiment the first groups of 
ectopic beats exhibited the accelerator phase of digitalis action, the 
later groups, the vagal phase 

ACTION OF DIGITALIS IN THE PARTIALLY DENERVATED HEART 

The following are biief summaiies of the three experiments in which 
the hearts were denervated 

Experiment 10 — Heait Deita voted. Difficult to Pioducc Ectopic Beats by 
Struggle — In this experiment the inferior cervical and the stellate ganglions were 
both removed during ether anesthesia, and after the animal recovered from the 
ether in a period of over two hours, the injection of ouabain was started The 
heart rate in the absence of sympathetic innervation was slow when compared 
with that of the average unanesthetized cat tied down on the table, namely, an 
R-R interval of from 0 44 to 0 46 second The P-waves varied from the positive 
through the intermediary stages to the negative sign, indicating in all probability 
a shifting of the pacemaker from the sinus to the aunculoventncular node This 
shifting continued to occur during the administration of ouabain After the vagi 
were severed there was severe struggling, and the heart rate increased to a P-P 
interval of from 0 37 to 0 38 second The sinus then slowed to a P-P interval 
of from 0 41 to 0 42 second , thereafter only minor variations in the sinus rate 
were present during the resting period and struggling produced only slight accel- 
eration (3 or 4 beats per minute) 

Usually, the cutting of both vagi in the necks in cats results in respiratory 
disturbances due largely to closure of the larynx, necessitating tracheotomy In 
this animal breathing became entirely normal after the initial struggle Forty- 
seven minutes later the animal struggled violently and this was attended by what 
seemed to be respiratory difficulty, hence a tracheal cannula was inserted The 
struggle may have induced a spasm of the laryngeal muscles 

After injection of 62 per cent of the average fatal dose of ouabain, a violent 
struggle called forth a ventricular ectopic rhythm in which the ectopic beats were 
coupled and the rate (r-r intervals of 0 32 and 0 42 second) was more rapid than 
the previous sinus rate by about 12 beats per minute No rate for the animal 
at rest was obtained after the administration of this dose The string was watched 
continuously, and ectopic beats were seen to appear just after spontaneous strug- 
gle After the ectopic rhythm disappeared, further struggling failed to recall it 

The dose of ouabain was increased to 73 per cent, after which the resting sinus 
rate showed a P-P interval of from 0 39 to 0 40 second Immediately after the 
animal struggled, the rate accelerated to a P-P interval of from 0 36 to 0 38 
second (an increase of about 10 beats per minute), and every other beat was a 
lentncular premature contraction When this rhythm disappeared, repeated 
struggling again failed to recall it After the larger doses of ouabain, a slight 
struggle produced a ventricular ectopic rhythm the rate of which was more rapid, 
and the focus of which was frequently changed by struggling This persisted 
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until the appearance of ventricular fibrillation The rate of the ectopic rhythm 
was never faster than an r-r interval of 0 32 second 

Experiment 11 — Stiugglmg Fads to Piodnce Ectopic Rhythm — The heart 
was denervated in a manner similar to that in experiment 10 Double vagotomy 
performed after the excision of the inferior cervical and stellate ganglions was 
again without influence on respiration after a temporary disturbance The heart 
rate of the animal while at rest was quite rapid (P-P interval from 0 30 to 0 31 
second), and struggling resulted in practically no acceleration of the sinus (P-P 
interval from 0 29 to 0 32 second) It was found impossible to produce ectopic 
beats by struggling with any dose of ouabain An ectopic rhythm appeared only 
after the fatal dose had been injected and persisted until death This animal was 
more susceptible than the average, requiring only about 71 per cent of the average 
fatal dose to cause death The heart continued to beat for about one minute after 
cessation of respiration, a condition that is not often seen in normal animals after 
a fatal dose of ouabain 

It IS not possible to know what bearing the denervation had on the greater 
susceptibility and the cessation of respiration before tbe heart beat Both phe- 
nomena are sometimes seen in normal cats, and both were absent m the other two 
animals with denervated hearts 
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Chart 7 — Ectopic beats produced by struggle in the denervated heart after the 
injection of ouabain Note the absence of changes in the sinus rate 


Experiment 12 — Results Siimlai to Those of EApeiiment 3 — The same 
denervation was earned out It was unnecessary to perform tracheotomy because 
after a temporary disturbance respiration was quite normal throughout As m 
experiment 10, a spontaneous shifting of the pacemaker from the sinus to the 
aunculoventricular node and back to the sinus was seen in several tracings The 
fatal dose of ouabain was practically the same as that for the normal cat, namely, 
0095 mg per kilogram Struggling produced no acceleration of the sinus rate 
until 45 per cent of the average fatal dose had been injected, when the sinus rate 
increased from a P-P interval of 0 42 to one of 0 36 second after a struggle The 
highest sinus rate was one with a P-P interval of 0 33 second while the animal 
was quiet following 53 per cent of the fatal dose Struggling after the latter dose 
produced no acceleration of the sinus, in fact, there was a decrease in rate by 3 
beats per minute Tracings 11 a and 11 b oi chart 7 serve to illustrate the con- 
ditions under which ectopic beats appeared These were called forth by a struggle 
after 61 per cent of the fatal dose of ouabain There was no acceleration of the 
sinus rate after the struggle, and no slowing of the sinus preceded the appearance 
of the ectopic beats The cat reacted in a manner similar to that of the animal 
m experiment 3 , when tbe dose was increased, a slight struggle called forth a 
ventricular ectopic rhythm, the rate of which, however, was slower than in the 
latter experiment, never exceeding an r-r interval of 0 36 second 
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We have been lefeinng to the stage in the action of digitalis in 
which stiuggling produces or abolishes subauncular ectopic beats as 
divided in a general way into the vagal phase and accelerator phase 
This has been so expressed to signify that at a relatively early stage 
when the rhythmicity of the ventricle has not been greatly increased, 
the rate of the ventriculai ectopic rhythm produced by struggling is 
usually slower than the rate of the sinus when the animal is at rest, 
hence the increased vagal tone is essential to its appearance, and that 
at a relatively later stage of action, the rate of the ventricular ectopic 
rhythm induced by struggling is equal to, or faster than, the resting 
rate of the sinus and action of the vagus is of little or no importance 
The latter we have referred to as mediated through the sympathetic 
nerves, hence the accelerator phase 

In the matter of the part played by the vagus in the two phases 
of the action of digitalis there are some exceptions Occasionally, 
slowing of the sinus rate below that of the control occurs after the 
vagi have been paralyzed It is conceivable that the reaction of the 
vagal phase might occasionally be given by the denervated heart because, 
as Cannon and his associates ® have shown, the sinus rate in the latter 
is sometimes slowed after a struggle Similarly, paralysis of the vagi 
may sometimes prevent the appeal ance of ectopic beats even in the 
accelerator phase, owing to the relatively excessive acceleration of 
the sinus late by the struggling aftei the exclusion of vagal control 
over the sinus as seen in experiment 1 (chait 4) 

Usually, however, paralysis of the vagi abolishes the phenomenon 
occurring in the vagal phase of the action of digitalis It is now neces- 
sary to see what direct evidence may be adduced for the responsibility 
of the sympathetic nerves m the production of ectopic beats by strug- 
gling in the acceleiator phase of the action of digitalis If the sympa- 
thetic nerves are wholly lesponsible foi the latter action, complete 
denervation of the heart should lendei it impossible to produce ven- 
triculai ectopic beats by struggling If other factors are also involved 
(humoral or dynamic), complete deneivation should simply modify 
the phenomenon The results were quite variable in the experiments 
after double vagotomy and excision of both the inferior ceivical and 
the stellate ganglions , in one, it was found impossible to induce ectopic 
beats by struggling, in another, the phenomenon was modified, losing 
the sensitiveness of a nervous leflex so that a violent struggle was 
necessary to produce ectopic beats, and repeated struggling failed to 
recall them, in the third case, the leaction was quite similai to that of 
the accelerator phase m a noimal animal 

8 Cannon, W B , Lewis, J T and Bntton, S W Am J Physiol 77 326, 

1926 
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We refer to the production of ectopic beats by struggling after 
double vagotomy and excision of both the inferior cervical and the 
stellate ganglions as the residual phase of the action of digitalis That 
accelerator stimulation plays an important role in the accelerator phase 
is extremely probable, as seen from the observations of Rothberger 
and Winterberg ® by direct electrical stimulation of the stellate ganglions 
m digitalized dogs, as well as from the observations m our own experi- 
ments But we have no data on which to base a statement as to the 
part played by other factors (humoral and dynamic) in this phase, and 
the part played by the accelerator nerves m the residual phase This 
IS due m the first instance to the difficulty of knowing when the heart 
IS completely denervated Cannon and his collaborators ® stated that 
the operation of double vagotomy and the removal of both stellate 
ganglions are equivalent in effect to complete denervation of the heart 
m acute experiments They found that acceleration of the heart pro- 
duced by struggling under these conditions was due to humoral factors 
(a secretion from the suprarenal glands and the liver) When the 
latter were excluded by excision of the gland or section of its nerve 
supply, struggling produced little or no acceleration of the heart rate 
In survival experiments, after the foregoing operations, acceleration 
due to struggling again occurred which, it was found, resulted from 
the appearance of activity of sympathetic fibers to the heart from the 
thoracic chain frequently below the fourth segment When the thoracic 
sympathetic nerves were also removed, acceleration from struggling 
was practically entirely abolished until regeneration of the paths (in 
thirty days or longei) These so-called completely denervated hearts 
still showed acceleration of from 4 to 14 beats (humoral factois have 
also been excluded) per minute when the animal struggled Since our 
denervation experiments were acute, the view of Cannon and his 
co-woikers would make it necessary to assume that in effect the heart 
was completely isolated from connection with the central nervous system, 
and further to assume that the residual phase is due to a humoral or 
dynamic rather than to a nervous factor An objection to this assump- 
tion, however, arises from the possibility that the presence of a few 
sympathetic fibers might be insufficient to influence the sinus node, 
yet quite sufficient to affect the sensitized ventricle Cannon and his 
collaboiators ® used heart rate (presumably sinus rate) as the only 
ciiterion of cardiac inneivation, and there is no evidence against the 
possibility that the sympathetic nerves might still be acting directly 
on the ventricle when there is no indication of a connection of the 
sinus with the central nervous system At present, therefore, it is 
not possible to state whether the residual phase is due to humoral or 
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dynamic factors or to the activity of sympathetic fibers to the ventricle 
which give no evidence of their presence by the behavior of the sinus 
node Further light will be thrown on this subject by more complete 
cardiac denervation and the exclusion of the glands of internal secretion ® 

SUMMARY AND CONCLUSIONS 

1 If an animal struggles while under the influence of digitalis, 
subauncular ectopic beats (ventricular or nodal) may be produced, 
abolished or left unaffected The conditions that determine these differ- 
ent effects of struggling and the mechanism involved formed the subject 
of the present study 

2 Subauncular ectopic beats aftei the injection of digitalis occur 
in two stages, depending on the dose (1) the stage in which they are 
called forth or abolished by struggling, and (2) the stage in which 
they appear spontaneously and remain uninfluenced by struggling (the 
focus may be changed by struggling in this stage) 

3 The production oi abolition of ectopic beats by the struggling 
of the digitalized animal does not depend on any single factor, but 
appears to be governed by the change in the relative rhythmicity of the 
sinus and the ventricle (or aunculoventi icular node) resulting from 
the struggle 

4 The tendency to increased slowing of the sinus rate aftei strug- 
gling (below that of the sinus rate of the resting animal before the 
struggle) favors the pioduction of ectopic beats The slowing of the 
sinus rate is paiticularly necessary after the smaller doses of the diug 
when the rhythmicity of the lower centers is not very marked 

5 We have used the term “vagal phase” of digitalis action to 
designate that phase in which the rate of the ectopic beats produced 
by struggling is slowei than the sinus late before the struggle The 
vagal phase occurs in animals with a very active vagal tone and after 
the relatively smaller doses of the drug It is absent in animals with 
a low vagal tone Paralysis of the vagi usually prevents struggling 
from producing ectopic beats in this phase of digitalis action 

6 In animals with a very active vagal tone, a relatively small dose 
of digitalis may call forth an ectopic rhythm which may then be abol- 
ished by struggling, owing to inhibition of the vagal influence on the 
sinus 

7 We have used the term “accelerator phase” of the action of 
digitalis to designate the phase in which the rate of the ectopic beats 
piodiiced b}^ struggling is equal to or faster than, the sinus rate before 
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the struggle It occuis after the relatively larger doses of the drug 
Paralysis of the vagi in the acceleratoi phase usually does not prevent 
the production of ectopic beats by struggling 

8 When the \agi and accelerator nerves are intact, they both play 
important though variable roles in the production and abolition of 
ectopic beats by the struggling animal Under certain conditions, 
however, stiugghng may produce ectopic beats in the digitalized animal 
after paralysis of the vagi and also after the removal of both the infeiioi 
ceivical and the stellate ganglions in addition The possible factors 
imolved m this residual phase of digitalis action are discussed 



THE RELATION BETWEEN THE SO-CALLED RENAL 
LESIONS OF PLASMAPHERESIS IN DOGS AND 
CONTRACTED KIDNEYS IN MAN* 


LOUIS LEITER, MD 

CHICAGO 

HISTORICAL REVIEW 

From time to time reports have appeared m medical scientific litera- 
ture describing experimental renal lesions supposed to resemble the 
characteristic morphologic processes of Bright’s disease as it occurs in 
man The variety of ways in which renal lesions have been produced 
IS all the more remarkable since few of the methods employed in the 
experimental studies are m any manner effective m, or relevant to, the 
natural course of chronic diseases of the kidneys seen in man A review 
of these procedures was published m 1924 ^ 

It was soon recognized by competent pathologists that there were 
at least two significant errors in the interpretation of the experimental 
nephropathies In the first place, “spontaneous” disease of the kidneys 
in the particular animals employed was either entirely overlooked or 
inadequate allowance was made for them In the second place, and 
this, unfortunately, seems to be a reflection on the investigator’s 
knowledge of the details of the pathologic piocess of nephritis in human 
beings, the experimental renal lesions did not really resemble or dupli- 
cate, to any reasonable extent, the anatomic picture of chronic nephritis 
in human beings In other words, “spontaneous” nephropathy occurs 
commonly m all sorts of animals used in the laboratory, but it is easily 
distinguished by a capable pathologist from the chronic nephritis of 
man The frequently reported production of experimental chronic 
nephritis seems to simmer down to the periodic rediscovery, and possibly 
reproduction, of the “spontaneous” nephropathies To this day no one 
has yet repeatedly produced a diffuse chronic nephritis — glomerulo- 
nephritis, more specifically — m any species of laboratory animal, and the 
picture of contracted kidneys such as occurs in chronic arteriolar sclerosis 

* Submitted for publication, Nov 8, 1930 

* From the Lasker Foundation for Medical Research and the Department of 
Medicine of the University of Chicago 

1 Leiter, L Experimental Chrome Glomerulonephritis, Arch Int Med 
33 611 (May) 1924 
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has not as yet been obtained Such an accomplishment, however, would 
seem to be of the utmost importance m the understanding of Bright’s 
disease 

The interesting feature of “spontaneous” nephropathies in various 
domestic animals is the relative uniformity of the pathologic process 
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Fig 1 (dog 10) — Focal scars, causing a granular, pitted surface Atrophic 
tubules, mononuclear cell infiltration and penglomerular fibrosis in these scars 
complete the picture of “spontaneous” interstitial nephritis Reduced from a 
magnification of X 30 

Whether one is dealing with the kidneys of the rabbit, the dog, the cat 
or the calf seems to make little difference In all of these one is apt 
to find typical perivascular or interstitial foci of mononuclear cells. 
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with varying numbers of small lymphoid cells, eosinophils and other 
polymorphonuclears, distributed m varying degrees throughout the renal 
cortex The foci are usually more marked neai the boundary zone, but 
they often extend m linear fashion all the way up to the surface and 
some distance down into the medulla (figs 1, 2, 3 and 12) In such 
areas, if they aie at all extensive, varying degrees of atrophy of com- 
pressed renal tubules may be seen In advanced stages fibroblasts 
appear, and the originally heavily mfiltiated regions become scars. 



Fig 2 (dog 14) — Mononuclear cell infiltration and atrophy of the correspond- 
ing tubules, in the boundary zone This represents an early stage in “spontaneous” 
interstitial nephritis Reduced from a magnification of X 120 


linear or wedge-shaped, radiating through the entire kidney and con- 
taining the debris of atrophied tubules and glomeruli with fairly normal 
tufts and concentiic masses of connective tissue about the parietal 
layer of Bowman’s capsules (figs 1, 4, 6, 9 and 11) Some of the 
tufts may be shrunken , occasionally they are adherent to their capsule, 
and they rarely undergo hyahmzation The fibrosis is usually most 
marked in the inner part of the cortex and the upper part of the 
medulla (figs 1, 5, 8 and 10) When this focal scarring is extreme, 
there may be a superficial resemblance to the contracted granular kidney 
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of chronic nephritis m man However, there is always considerable 
normal renal parenchyma lnter^ ening bet\\ een the scarred regions Renal 
msuffiaency is, therefore, onl}’- a remote possibility even m the con- 
tracted kidne}S The significant feature of the whole process is its 
predommantty interstitial character The glomeruli and tubules are 
only involved secondarily, the blood vessels hardty at all This, of 
course is radically different from the sequence of events in chronic 
nephritis in human beings Excellent descriptions of the renal lesions 



Fig 3 (dog 34) — Multiple foci of perivascular and periglomerular mono- 
nuclear cell infiltration in larious le\els of the renal cortex Reduced from a 
magnification of X 33 


in “spontaneous” nephritis ha\e been published by Ophuls,^ Da}i:on,^ 
LeCount and Jackson,^ MacNider,^ Bloomfield,® Bell and Hartzell,' 

2 Ophuls, W J M Research 18*497, 1908 

3 Da 3 'ton, H J M Research 31 177, 1914 

4 LeCount, E R and Jackson, L J Infect Dis 15 389, 1914 

5 MacXider, W de B J Research 34 177, 1916 

6 Bloomfield A L Bull Johns Hopkins Hosp 30*121, 1919 

7 Bell, E T and Hartzell, T B J Infect Dis 24 618 and 628, 1919 
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Henschen,® Roth and Bloss,” Bell, Clawson and Hartzell,^” Smithd^ 
Berger and McFadyean Any one who attempts to interpret experi- 
mental chronic nephritis in laboratory animals might spare himself 
possible disillusionment and avoid di awing conclusions misleading to 
other workers in this field if he would carefully read these articles 



Fig 4 (dog 33) — Typical linear area of mononuclear infiltration and begin- 
ning fibrosis Reduced from a magnification of X 95 


8 Henschen, F Acta med Scandinav 53 774, 1921 

9 Roth, W , and Bloss, K Virchows Arch f path Anat 238 325, 1922 

10 Bell, E T , Clawson, B J , and Hartzell, T B Am J Path 1 247, 1925 

11 Smith, T J Exper Med 41 413, 1925 

12 Berger, H Berl tierarztl Wchnschr 44 613, 1928 

13 McFadyean, J J Comp Path & Therap 42 58, 141 and 231, 1929 
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The present publication has been stimulated by the recent papers 
of Barker and Kirk and Barker and the editorial comment con- 
nected with them In view of the widespread interest m this subject, a 
detailed presentation of my own extensive work seems justified In the 
course of several years of experience with plasmapheresis carried out on 
dogs, during which a nephrotic edema with a low protein content of the 
edema fluid was produced for the first time m dogs,^" a variety of renal 
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Fig 5 (dog 41) — Extreme dilatation of collecting tubules in the medulla with 
marked interstitial fibrosis throughout the boundary zone and the lower part of 
the medulla Reduced from a magnification of X 17 


lesions was encountered, most of which could be readily explained on 
obvious grounds and the rest of which were attributed to “spontaneous” 

14 Barker, M H, and Kirk, E J Experimental Edema (Nephrosis) in Dogs 
m Relation to Edema of Renal Origin m Patients, Arch Int Med 45 319 (March) 
1930 

15 Barker, M H Proc Soc Exper Biol & Med 27 608, 1930 

16 Editorial, The Renal Lesions of Nephrosis, J A M A 94 2066 (June 28) 
1930 

17 Leiter, L Proc Soc Exper Biol & Med 26 173, 1928, 27 1002, 1930, 
Experimental Nephrotic Edema, Arch Int Med 48 1 (July) 1931 
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nephropathy, with which a considerable fainiliarity had been acquired as a 
result of previous experience and a knowledge of the literatuie on this 
subject It was, theiefore, surpiising to me that no mention of the 
possibility of “spontaneous” lesions was found in any of the published 
material previously mentioned When the woid “spontaneous” is used. 



Fig 6 (dog 41) — edge-shaped scar m the cortex causing depression on the 
surface of the kidney The usual features of “spontaneous” nephritis are clearly 
evident Reduced from a magnification of X 90 

It signifies the naturally occurring nephropathy of the chaiacteristic 
type that develops independently of the experimental procedure, or renal 
lesions that are indistinguishable from the natural variety and that 
appear during the course of, and possibly m some way resulting from, 
the experimental technic 
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It may be stated at once that the various stages of renal lesions 
described by Barker and Kirk and Barker fit in perfectly with the 
previously reported forms of “spontaneous” nephropathy in dogs 
Cloudy swelling and hyaline droplet degeneration of the tubular epithe- 
lium are so common in toxic and infectious processes in the dog that 
they are of no significance Fatty changes are to be interpreted m the 
light of Henschen’s vast experience This author ® stated that “the 
kidneys of dogs generally show a physiological fatty degeneration of 



Fig 7 (dog 85) — Numerous areas of cortical fibrosis, tending to become con- 
fluent, without definite granulation of the surface of the kidney This is an 
advanced form of chronic interstitial nephritis Reduced from a magnification of 
X 35 


the medullary tubules ” The evidence consists of autopsies on 220 dogs 
MacNider ® had previously come to an essentially similar conclusion 
My own observations m a much smaller series led to the same inter- 
pretation Barker and Kirk presented no satisfactory controls In regard 
to their so-called secondarily contracted kidneys, representing, sup- 
posedly, the most extensive damage wrought by hypoprotememia of 
long duration, Henschen ® must again be quoted “Most of these renal 
atrophies, so usual m dogs, are due to acute interstitial, nonpurulent 
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nephritis ” In other words, dogs have a truly interstitial chronic neph- 
ritis This IS readily understood if one accepts Henschen’s ® dictum that 
“acute intersbtial lymphocytic nephritis is the most usual type of acute 
nephritis” m dogs, resembling the acute interstitial scarlatinal nephritis 
in man The “lymphocytes” are eventually replaced by fibroblasts, and 
focal scars are formed m which the remains of atrophic tubules and 
shrunken glomeruli may be discerned Bell, Clawson and HartzelP® 
have more recently come to the same general conclusion concerning 
renal atrophy or contracted kidney m laboratory animals , they wrote 



Fig 8 (dog 85) — Four glomeruli in the inner part of the cortex, to show the 
concentric fibrosis about Bowman’s capsule The corresponding tubules are 
atrophic The arterioles are unaffected These lesions are probably “spontaneous " 
Reduced from a magnification of X HO 


that exudative interstitial nephritis caused “the only known form of 
contracted kidne)^ ” Their experience extended over many years In 
a comprehensive review of the pathology of nephritis in animals, Mc- 
Fadyean has emphasized the frequent occuirence of “chronic inter- 
stitial nephiitis,” or renal fibrosis, in dogs He gave excellently detailed 
descriptions of five instances and made the significant remark that 
“changes similar in nature and extent are not usually present in either 
of the forms of contracted kidney in man ” The authoi ’s photomicro- 
graphs strongly support this opinion 
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EXPERIMENTAL WORK 

Since Barker and Kirk^* have attributed the renal lesions of their 
dogs more or less directly to the hypoproteinemia, it would seem 
profitable to compare the type or stage of renal lesion m my dogs with 
the duration of the experiment Approximately 100 dogs were used in 
this work and about 40 of them were bled sufficiently to reduce the 
plasma proteins to the level of edema The accompanying table gives 
a summary of the essential data, and the photomicrographs illustrate 
the renal lesions observed It is obvious that no particular relationship 
exists between the duration of hypoproteinemia and the degree of lenal 


Renal Lesions m Dogs with Hypopi oteinemia 


Days of Days of 
Plasma- Experimental 


Dog 

phercsis 

Life 

Renal Lesions at Autopsy 

72 

o 

o 

3 

Occasional area of mononuclear infiltration 

85 

n 

O 

4 

Marked fibrosis of the cortex ivith tubular atrophy, acute focal 
hemorrhagic nephritis 

14 

5 

5 

Mononuclear infiltrates, infarct 

32 

5 

5 

Mononuclear infiltrates, infarcts 

15 

6 

0 

Perivascular mononuclear infiltrates 

33 

7 

s 

Slight mononuclear infiltration 

92 

8 

14 

Occasional linear cortical scar 

10 

9 

10 

Focal wedge shaped areas of granulation tissue in the cortex 

11 

9 

10 

None found 

41 

11 

21 

Wedge shaped cortical scarring, marked fibrosis and cystic dila 
tation of tubules m medulla 

73 

12 

20 

Occasional focal mononuclear infiltration or scarring, infarct 
and abscesses 

70 

15 

18 

Organizing small infarcts 

71 

15 

28 

Much perivascular mononuclear infiltration, infarcts and 
abscesses 

17 

18 

31 

None found 

89 

18 

34 

Linear areas of mononuclear infiltration, organizing infarcts 

34 

24 

30 

Marked mononuclear infiltration, infarcts 

69 

24 

31 

Medullary abscesses 

33 

29 

47 

Infarcts and abscesses 

90 

37 

98 

Organized infarcts 

86 

00 

139 

Moderate mononuclear infiltration, infarcts in process of organ 
ization, no other fibrosis 


damage, if one considers fibrosis or scarring as the most advanced 
stage The most extreme renal lesions were found m dog 85 (figs 7 
-to 9-) In. this dog, -the kidneys showed -little- gross scarring or pucker- 
ing, but there was microscopic evidence of a marked interstitial fibrosis, 
tubular atrophy and penglomerular fibrosis This striking nephropathy 
was present m a dog that had had only three days of plasmapheresis, 
was then discarded and happened to die of distemper thirty-two days 
later Incidentally, an acute focal hemoi rhagic nephritis, probably related 
to the later distemper, was superimposed on the old process The 
advanced renal lesions found m dog 41 (figs 5 and 6) can hardly be 
correlated with the brief period of plasmapheresis, and they are most 
likely “spontaneous” m origin 

It occurred to me that the repeated injection of erythrocytes 
suspended m a saline solution might be partly responsible for the so-called 
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renal lesions of plasmapheresis The erythrocytes might clump together 
enough to embohze small renal arterioles and thus produce minute 
infarcts with secondary mononuclear infiltration and ultimate fibrosis 
Barker and Kirk used aseptic technic throughout, so that experimental 
infection seemed to be ruled out as a factor m the interstitial nephritis 
of their dogs On the other hand, I had not employed aseptic technic 
and I found the same type of renal lesions, m addition to ordinary 
infarcts and abscesses that could be attributed to emboli from cardiac 
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Fig 9 (dog 85) — Details of the two glomeruli in the upper right hand corner 
of figure 8 The shrinking of the tufts is secondary to the periglomerular fibrosis 
Note the cellular infiltration and the degenerating tubules Reduced from a 
magnification of X 400 


vegetations of traumatic origin In view of all this, a control series 
of dogs was given daily intravenous injections of from 200 to 400 cc 
of a suspension of donors’ erythrocytes in a saline solution Nothing 
else was done to these animals Hypoprotememia was absent The 
results were interesting Definite nephropathy was found m dog 39C, 
(fig 12), which had received transfusions of blood for twenty days 


18 Leiter (footnote 17, third reference) 
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On the other hand, in dog 40C, which had been similarly treated foi 
twenty-two days, the kidneys showed no changes The ultimate out- 
come of such lesions is still unaetermmed, and it is even impossible to 
state whether or not the lenal changes aie the result of the experi- 
mental procedure 

By far the most extensive gross and microscopic renal lesions in this 
senes of dogs were found in dog 16B, also a control animal On each 
of two successive days this dog was given a transfusion of 500 cc of 
his own citrated whole blood, reinjected immediately after its withdrawal 



Fig 10 (dog 16B) — Extreme fibrosis of the inner part of the cortex and 
upper part of the medulla, in the form of linear scars radiating from the boundary 
zone Reduced from a magnification of X 15 


from the heait The dog died on the second day, m shock Examination 
at autopsy disclosed kidneys that were somewhat reduced in size, with 
partially adherent capsules and surfaces showing depressed irregular 
scars up to 3 mm m width, giving a roughly granular appearance There 
was marked fibrosis of the iniiei part of the cortex and the upper part 
of the medulla, with some scars running all the way through to the 
depressions on the suiface of the kidney The microscopic features 
aie shown m figuies 10 and 11 The marked dilatation of some of the 
collecting tubules in the upper pait of the medulla duplicates the condi- 
tion described in some of McFadyeaii’s dogs , it is best explained as 
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the result of obstruction by intertubular fibrosis (fig 5) Therefore, 
the advanced stages of the renal lesion described by Barker’-® were 
found in a control dog of our series 

From these results one may conclude that nothing definite can be 
concluded as to the actual etiology, or etiologies, of the renal lesions 



Fig 11 (dog 16B) — Focal scar in the outer part of the cortex continuing on 
in the boundary zone and medulla Only the blood vessels are intact, while tubules 
and glomerular capsules have largely disappeared except for dilated remnants 
Reduced from a magnification of X 70 

in dogs during or following periods of plasmapheresis Above all, it 
must be emphasized again that the pathologic picture observed in the 
kidne)^s of dogs is entirely unrelated to that which one ordinal ily finds 
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in chronic nephritis or "'nephrosis” in human beings As Bell and 
Hartzell suggested years ago in connection with similar lesions in the 
kidneys of rabbits, excretory pyelonephritis m man may be the analog 
of these renal lesions m laboratory animals It may also be possible 
that those lare instances of chronic, tiuly mteistitial nephritis in man, 



Fig 12 (dog 39C) — Linear perivascular infiltrates in the inner part of the 
cortex, with more irregular subcapsular involvement In these regions the tubules 
are disappearing by compression atrophy Reduced from a magnification of X 28 

supposed to result occasionally from acute interstitial nephritis, could 
be classed in the same group as the focal scarring of the kidneys of 
laboratory animals Lowenthal recently reported a case of presumably 


19 Lowenthal, K Ztschr f klin Med 105 420, 1927 



300 


ARCHIVES OF INTERNAL MEDICINE 


syphilitic, chronic, truly interstitial nephritis Apart from such isolated 
rarities, there seems to be no connection between the renal lesions in 
dogs and chronic nephritis, or “nephrosis,” m man Hence Barker’s^® 
statement that the secondary contracted kidney (in dogs) following 
a long-standing low proteinemia “would also suggest an explanation 
of why most so-called nephrosis cases that escape intercurrent infec- 
tions die of uremia and at postmortem show scarred and contracted 
kidneys” has no foundation in fact Similarly the editorial comment 
that a “secondarily contracted kidney may well follow a long-standing 
proteinemia as a result of tubular atrophy and scar tissue replacement” 
is equally without adequate experimental basis The problem of the 
contraction of nephritic or “nephrotic” kidneys in man will be solved 
only when diffuse glomerulonephritis can be regularly produced in a 
laboratory animal It will never be solved by speculation based on 
erroneous assumptions and uncritical experimental work 



CHEMISTRY AND METABOLISM IN EXPERIMENTAL 
YELLOW FEVER IN MACACUS RHESUS 

IV TOLERANCE TESTS FOR DEXTROSE 
A MAURICE WAKEMAN, MD 

AND 

CL^RE A MORRELL, AID 

NEW YORK 

A number of attempts to determine the impairment or loss of hepatic 
function by tests for dextrose tolerance have been reported in the 
literature Jacobsen/ Thannhauser and Pfitzer,- Haniman and Hirsch- 
man/ Fnedenson and his co-workers/ and John/ among others, have 
applied the test in seveial diseases by studying the blood sugar at stated 
intervals after the injection of dextrose or after feeding it by mouth 
In many instances a lowered tolerance for sugar has been noted in 
diseases involving the liver 

In a previous paper,® evidence was presented that indicated that 
in the extreme stages of yellow fever the liver is unable to maintain the 
blood sugar at its normal level, partly because of a diminished supply 
of hepatic glycogen The unusually high level of blood sugar observed 
in a few moribund animals aftei meals further suggested that the 
ability to dispose of administered dextrose was impaired To secure 
more direct information concerning this function, tests for sugar 
tolerance were carried out on Macacus 1 hesus 

Submitted for publication, Nov 20, 1930 

From the laboratory of the West African Yellow Fever Commission of the 
International Health Division, Rockefeller Foundation, Lagos, Nigeria 

1 Jacobsen, A T B Untersuchungen uber den Einfluss verschiedener 
Nahrungsmittel auf den Blutzucker bei normalen, zuckerkranken, und graviden 
Personen, Biochem Ztschr 56 471, 1913 

2 Thannhauser, S J , and Pfitzer, H Ueber experimentelle Hyperglykamie 
beim Menschen durch intravenose Zuckermjektion, Munchen med Wchnschr 
60 2155, 1913 

3 Hamman, L , and Hirschman, I I Studies on Blood Sugar Alimentary 
Hyperglycemia and Glycosuria as a Test of Sugar Tolerance, Arch Int Aled 
20 761 (Nov) 1917 

4 Fnedenson, M , Rosenbaum, M K , Thalheimer, E J , and Peters, J P 
Cutaneous and Venous Blood-Sugar Curves in Normal Individuals After Insulin 
and in Liver Disease, J Biol Chem 80 269, 1928 

5 John, H J Glucose Tolerance, Its Value m Diagnosis J Aletab Research 
1 497, 1922 

6 Wakeman, A M, and Alorrell, C A Blood Sugar and Liver Gh cogen 
HI Chemistry and Metabolism m Experimental Yellow Fe\er in Alacacus Rhesus 
Afonkeys, Arch Int Med 47 104 (Jan ) 1931 
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A dose of 1 Gm of dextrose per kilogram of body weight was 
regularly used Different methods of administering the dextrose were 
employed In the case of twenty-three monkeys, of which thirteen were 
normal and ten infected with yellow fever, the sugar was given by 
stomach tube In fifteen monkeys infected with yellow fever and 
fifteen normal monkeys, dextrose was given intravenously In two 
cases a solution of dextrose was injected directly into the lumen of the 
small intestine 

In many instances bromsulphonphalein tests were carried out in 
conjunction with the tests for sugar tolerance 

The methods of taking samples of blood and of analysis have been 
described previously ® 

The data presented here point to a lowered tolerance for sugar and 
support the hypothesis that m j^ellow fever the hepatic lesions render 
the animal unable to cope m a normal way with an influx of dextrose 
into the blood stream 

EXPERIMENTS 

Blood Sugai Follozvmg Oial Advunish ahon of 1 Gin of Dextiose 
pel Kilogiain of Body Weight — Chart 1 presents representative curves 
for arterial and venous blood sugar for normal animals and for those 
ill with yellow fever There is a great variability in the behavior of the 
normal animals For example, in M rhesus 11 the level of the blood 
sugar reached a maximum height thirty-seven minutes after dextrose 
was taken, and in fifty-two minutes declined below the fasting level, 
while in M rhesus SI the blood sugar had not reached a maximum 
one hundred and twenty minutes after the ingestion of dextrose In 
M ihesus 11 the greatest increase observed was only 22 mg per hundred 
cubic centimeters Similar variations occurred m all of the normal ani- 
mals studied Howevei, in all of the cases, the curves show that a 
definite hyperglycemia develops m which the concentrations of dextrose 
m the arterial blood exceed those in the venous blood 

While in the later stages of yellow fever, monkeys 12 and M40 
were treated in a similar way The distinct difference between the 
reaction of the sick monkeys and the normal ones to ingested dextrose 
IS the obvious lack of rise in the blood sugar of the sick monkeys as 
compared with the definite increases in the normal animals The flat 
appearance of the curves obtained from M i hesus 12 and M40 may be 
due to lack of absorption or to rapid storage of sugar in j'^ellow fever 
The small arteriovenous differences observed would tend to discredit the 
latter view That slow absorption is an important factor is shown by 
an experiment on M ihesus 13 during the first day of fever Two and 
one-fourth hours after the administration by stomach tube of 1 Gm 
of dextrose per kilogram, the blood sugar, which had not risen during 
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the interval, was still at fasting level Five and one-half hours after 
the ingestion of dextrose, it had risen to 118 mg per hundred cubic 
centimeters from a fasting value of 92 mg per hundred cubic centi- 
meters An houi later, when the monkey was killed, of a total of 5 Gm , 
2 5 Gm of dextrose was recovered from the stomach The intestinal 
contents were not analyzed There was no sugar m the urine It is 
evident that after six and one-half hours, at least half of a small dose 
was not absorbed 

~ X — X artenal blood • — • venous blood 
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Chart 1 — Curves showing artenal and venous blood sugar in normal monkej s 
compared with those of moribund monkeys with yellow fever, after the adminis- 
tration by stomach-tube of 1 Gm of dextrose per kilogram of body weight 

Chart 2 gives the results of a senes of tests for sugar tolerance 
made on different days of the disease 

Macac-K^ i hesus 14, a large female weighing 4 49 Kg , was inocu- 
lated on December 10 with 1 cc of blood from a case of yellow fever 
On December 11, the temperature was 102 4 F at 9 a m , and 102 9 F 
at 5 p m The animal was strong and fought vigorously On 
December 12, the temperature was 105 IF at 9 a m, and 104 9 F 
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at 5 p m The animal was still vigorous, but less active than on 
December 11 Urine collected after the expeiiment contained no sugai 
and 200 per cent of the bromsulphonphalein On December 13, the 
temperature was 103 3 F at 9 a m , and 101 3 F at 5 p m The 
monkey was weak but conscious At 5 p m , examination of the blood 
showed nonprotem nitiogen, 128 mg, urea nitrogen, 40 mg, and 
ammo-acid nitrogen, 44 mg per hundred cubic centimeter On Decem- 
ber 14 at 9 30 a m , the monkey died Ten cubic centimeters of urine 
from the bladdei contained no sugar and 200 pei cent of the brom- 
sulphonphalein 



Cnart 2 — The changes in the curve for venous sugar of monkeys in the course 
of yellow fever In every instance, 1 Gm of dextrose per kilogram was given by 
stomach-tube Curves showing the retention of bromsulphonphalein are presented 
below for comparison 

Macacus thesus 15, a large male, weighing 3 88 Kg, was inocu- 
lated on December 10 with 0 5 cc of blood infected with yellow fever 
On December 11, it had a temperature of 103 5 F at 9 a m and 
103 2 F at 5 p m It struggled vigorously when handled On 
December 12, the temperature was 104 F at 9 a m , and 104 7 F at 
5pm The urine collected after the experiment contained no sugar 
and 20 per cent of the bromsulphonphalein The animal feebly 
resisted handling On December 13, the temperature was 100 F at 
9am At 11 a m , the monkey was moribund, unconscious and 
prostrate It died at 12 37 p m Three drops of the urine obtained 
from the bladder at autopsy contained no bromsulphonphalein At 
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12 30 p m , examination o£ the blood showed nonpiotein mtiogen. 
91 mg , urea nitrogen, 25 mg, and ammo-acid nitiogen, 33 mg pei 
hundred cubic centimeteis 

One giam of dextrose pei kilogiam of body weight in a 6 per cent 
solution was admimsteied to the monkeys by stomach-tube each da} 
A few minutes after ingestion, 5 mg of bromsulphonphalein dye pei 
kilogiam was injected intravenously The curves shown in chart 2 
lepresent the response of the venous blood sugar and the retention of 
dye in the blood on thiee successive days M ihestis 14 retained moie 
of the dye on all three da}'S than did M ihesiis 15 This is reflected in 
the larger excretion in the urine of M }hesiis 15 The determination 
of dye in the urine was carried out by alkalmizmg the undiluted urine 
and comparing it with the blood standaid For convenience, the concen- 
tration of dye was expressed in the same terms as that in the blood 

The increase in blood sugar on December 11 in both M ihesus 14 
and M ihestts 15 was much greater than in any of the normal monkeys 
(chart 1), indicating that in these cases there was an abnoimality in the 
curve for sugar as early as the first day after infection On the second 
day the return to fasting levels was delayed, -Jvhile during the third 
day the curves were fiat and presented the same appearance as the 
venous curves of M ihesns 12 and M40 in chart 1 

To avoid the variations produced by the retention of dextrose in 
the stomach, the solution of dextrose was injected directly into the 
lumen of the small intestine of two normal monkeys About 10 cm 
below the pylorus, the duodenum was exposed under aseptic conditions 
with a minimum of handling, the solution of dextrose was introduced 
through a fine needle, after the duodenum had been replaced, the 
abdominal wall was sewn up Results from these two trials indicated 
that retention in the stomach was but one factor producing the flat or 
irregular curves shown in charts 1 and 2 In one case the maximum 
rise was 50 mg per hundred cubic centimeters, and in the other 12 mg 
The blood sugar did not fall below fasting levels in one and one-half 
hours, and the general appearance of both curves resembled that of 
M tliesus M40 

Intravenous Injections of 1 Gin of Dextiose pei Kilogiam of Body 
Weight — In each case the solution of dextrose (from 4 to 7 cc of 
a 50 per cent solution was injected into a vein of an arm or the 
saphenous vein in one minute Chart 3 represents some of the tests 
in which venous blood alone was analyzed It is evident from these 
curves and those in chart 4, that the reaction of normal monkeys after 
the intravenous administration of dextrose is far more regulai and pie- 
dictable than that after peroral admmistiation, permitting more accurate 
evaluation of the disturbances caused by abnormal conditions 



306 


ARCHIVES OF INTERNAL MEDICINE 


A comparison of the cuives for the normal and the sick monkeys 
reveals a much slower lemoval of dextrose from the blood of the sick 
monkeys After ninety minutes the blood sugar of the normal animals 
had returned to fasting levels, while it was still high in the animals with 
yellow fever 

The urine of monkeys 1 and 5 was analyzed for sugar Forty-five 
minutes after completion of the test, 10 cc of urine from normal 
monkey 1 (chart 3) contained 120 mg of sugar In monkey 5, which 



Chart 3 — Curves showing the venous blood sugar of normal monkeys (N) and 
monkeys with yellow fever (YE), after the intravenous administration of 1 Gm 
of dextrose per kilogram 

had yellow fever, at autopsy and fourteen houis aftei the last sample 
of blood was taken, 5 cc of urine from the bladder contained 130 mg 
of sugar Hence the more rapid fall in blood sugar of the normal 
animal was not due to greater excretion in the urine 

Some figures obtained from arterial and venous blood of normal and 
sick monkeys, after the intravenous administration of dextrose, are 
given m chart 4 Both of the monkeys with yellow fever were prostrate 
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when the experiment began and died the same night In monke_\ 9 
at autopsy performed six hours after the completion of the tc‘'t, 4 cc 
of urine contained ISO mg of sugar 

The results of these tests present two notable featuies (1) the 
decline of blood sugar is slowei m the sick monke 3 rs, and (2) m the 
normal animals the arterial and venous cuives cioss each other, and 
they do not cross in the animals with yellow fever 

A part of the large artei lal- venous differences encountered diiectK 
after injection may be due to the incomplete mixing of the blood An 
increase m the venous blood sugar of M ihesus 10 between the six and 


— X arterial blood • — . venous blood 



Chart 4 — Curves showing the arterial and venous blood sugar of normal 
monkeys and monkeys with yellow fever, after the intravenous administration of 
1 Gm of dextrose per kilogram 

Sixteen minute interval lends support to this view Nevertheless, since 
the tissues are rapidly taking up sugai at this time, as evidenced by the 
rapid fall m the concentration of blood sugar, large arteriovenous 
differences are to be expected 

Analysis of Blood Fiom Vauons Paifs of the Cncidatwn — In th., 
early experiments, before the technic of obtaining samples of arterial 
and venous blood simultaneously was perfected, the arterial blood was 
taken from one part of the body and the venous blood from another 
Later a check on the concentrations of blood sugar m the various part^ 
of the circulation was made The results of this investigation have been 
collected in the accompanying table 
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The animal used was a laige male Macacus ihesiis weighing 3 91 Kg 
It was gi-ven the legulai diet at 8 a m, and when removed from the 
cage at 9 a m he had eaten a part of it Sixty milligrams of amytal 
per kilogram of bod}' weight was given mti apei itoneally, and the right 
carotid alter} and jugulai rein weie exposed The femoral vein and 
artery on both legs were also dissected out Blood samples from the 
diffeient vessels ueie analyzed for sugar befoie and after 1 Gm of 
dextiose pei kilogiam of body weight was injected into the light femoral 
vein Befoie injection, blood samples taken not more than a minute 
apait fiom the same \essel or different vessels, e g, femoral vein and 
jugular vein, femoral artery and caiotid aitery, yielded almost identical 
results The inciease in the concentiation of sugar in the venous blood 
between 10 12 a m and 10 35 a m , may be asciibed to absoiption 
from the intestinal tract Following the injection of sugar there were 
some large dnergences in samples of both venous and aiterial blood 
drawn from difteient ressels For example, at 10 45 a m , blood from 
the left femoral vein contained 354 mg , while that from the light 
jugulai vein contained 429 mg per bundled cubic centimeters, a differ- 
ence of 75 mg per bundled cubic centimeters This occurred six 
minutes after the sugar was injected The diffeience is too large foi 
experimental erioi and is probably due to incomplete mixing of the 
blood That such differences do occur emphasizes the necessity of 
obtaining aiteiial and venous blood from comparable vessels, such as 
the femoral vessels of one leg This precaution was obseived in the 
experiments presented in this article 

If the average concentiations of arteiial and venous blood sugar are 
plotted, the typical crossing and recrossing of the two curves, which 
were observed after the intravenous injection of dextrose into normal 
monkeys, becomes apparent 

COMMENT 

The majoiity of the tests for sugar tolerance, following the oral 
administration of dextrose to a noimal subject, which have been reported 
in the hteiature, have two featuies in common, namely, a rise of the 
blood sugar to a maximum level in from thirty to forty-five minutes, 
and a retuin to normal or subnormal levels in fiom one to three hours 
We had hoped to observe the same phenomena in monkeys and had 
planned to use these figures as a basis of comparison for the leaction of 
similai animals ill with yellow fever The considerable vaiiation in the 
response of the different normal monkeys to dextrose administered 
orally made this plan unsatisfactory 

7 Hammon and Hirschman (footnote 3) Fnedenson, Rosenbaum, Thal- 
heimer and Peters (footnote 4) John (footnote 5) Gray, H Blood Sugar 
Standards Normal and Diabetic Persons, Arch Int Med 31 241 (Feb ) 1923 
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Chart 1 shows the lather wide variation in the t}pe of cinve 
obtained, which renders it impossible to inteipiet vith exactness the 
small changes one would expect to find earl) in the course of the disease 
However, such objections are not so impoitant Avhen dealing vith the 
response of very sick oi moribund monkee’^s since the} shov little or no 
rise in blood sugai after the oral administiation of dextiose The 
results obtained from the injection of a solution of dextrose into the 
intestine, and particularly from the experiment with M ihcsus 16, 
indicate that slow absorption is an important factor in pioducing the 
flat curves exhibited by M ihcsns 12 and M40 in chart 1 If at least 


Results of Test to Dctcnninc the Concenti ation of Blood-Sugai in Vanoiis Pa?l? 
of the Cit culatwn of a Macacits Rhesus 




Blood Sugar 

Time 

\ essel 

Mg per 100 Cc 

10 11 a m 

Right femoral vein 

72 

10 12 a m 

Right femoral vein 

71 

10 17 a m 

Right femoral artery 

89 

10 18 a m 

Right femoial artery 

89 

10 23 a m 

Right femoral artery 

87 

10 23 a m 

Right carotid artery 

‘^7 

10 35 a m 

Right femoral vein 

85 

10 35 a m 

Right jugular vein 

87 

♦10 40-10 41 1 m 

Dextrose injected 


10 43 a m 

Right femoral artery 

545 

10 45 a m 

Left femoral vein 

354 

10 45 a m 

Right jugular vein 

429 

10 54 a m 

Left femoral artery 

329 

10 54 a m 

Right carotid artery 

340 

11 01 a m 

Right femoral artery 

280 

11 04 a m 

Left femoral vein 

281 

11 04 am 

Right jugular vein 

270 

11 20 a m 

Left femoral vein 

218 

11 20 a m 

Right femoral lein 

210 

11 24 a m 

Left femoral arterj 

202 

11 24 a m 

Right femoral artery 

178 

11 34 a m 

Right femoral artery 

131 

11 34 a m 

Left femoral \ein 

1C5 

11 45 a m 

Right femoral artery 

108 

11 45 a m 

Left femoral vein 

144 

11 50 a m 

Right carotid arterj 

100 


Duplicate on same sample 

101 

12 15 pm 

Right femoral arterj 

101 

12 15 p m 

Left femoral vein 

98 


* Dextrose injected into right femoral vein 


one half of a small dose of dextrose remains foi six and one-half hours 
in the intestinal tract of a monkey in the early stage of yellow fevei, it 
is probable that a still larger pioportion could be found unabsorbed m 
a prostrate animal 

An indication of progressive failure m ability to handle ingested 
carbohydrate is shown m the results fiom M ihcsns 14 and 15 
(chart 2) Since both monkeys had a shoit course of feter and sur- 
vived only four and tliiee days, i espectively, after inoculation the 
degeneration of the liver must have been rapid Even on the fiist day 
after infection the curves for blood sugar -vary m one respect from the 
normal, the maximum rise, 165 and 115 mg per hundred cubic centi- 
meters, respectively, in venous blood, is greater than that usuall 
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obseived foi a normal monkey, from 25 to 85 mg per hundred cubic 
centimeters after the same dose On the following day, which was 
the first da}^ of fever, further alterations weie apparent The blood 
sugar of M ihesxis 14 rose about 165 mg per hundred cubic centi- 
meters in the first twenty minutes after injection and then fell rather 
slowly to 210 mg per hundred cubic centimeters in ninety minutes 
This slow fall of blood sugar following injection in yellow fever is well 
illustrated in chart 3 The blood sugai of M iJiesns 15 rose to 350 mg , 
an increase of 210 mg pei hundred cubic centimeteis above the fasting 
level, m forty minutes after ingestion, and was still 200 mg per hundred 
cubic centimeters at the end of ninety minutes Both the peak of this 
curve foi blood sugar and the value at the end of one and one-half 
houis are considerably higher than corresponding values obtained with 
normal monkeys While the blood sugai of these two animals during 
fasting was still within the normal lange,® a distinct abnoimahty in the 
curves for blood sugar after the ingestion of dextrose is evident On 
the last day of the experiment, when both animals weie obviously ill, 
cun^es were obtained that are quite like the others from moribund 
monkeys shown in chart 1 The curves on both animals are flat, and 
no maximum is obtained in the first houi aftei the ingestion of sugar 
At this time the blood sugar of both animals during fasting was low, 
particularly in the case of M rhesus 15, which died seveial hours before 
M xhesus 14 In general, the two monkeys showed a tolerance for 
sugai that decreased with the progress of the disease, while the results 
of the bromsulphonphalein tests reveal a corresponding decline in the 
function of the liver, probably due to the hepatic lesions of yellow fever 
The slow fall of blood sugar noted in the experiment with M i hestis 

14 on December 12 (chart 2), is confirmed by the results of intravenous 
injection (chart 3) In the normal animals, blood sugai leached fast- 
ing levels in ninety minutes, while in the sick monkeys it lemained 
elevated longer The slower fall of venous blood sugar m yellow fever 

15 not due to lack of diffusion into the tissues, since arterial-venous 
differences in these animals are as great as in the normal animals and 
persist for an even longer time (chart 4) , and it is not due to a smaller 
excretion in the urine, since M ihesus 5 excreted a trifle more than 
M ihesus 1 Indeed it seems doubtful that excretion was a significant 
factor in either case The urine of two sick monkeys not previously 
mentioned contained onty 340 and 305 mg following injections of 
1 Gm of dextrose per kilogram, and another normal monkey excreted 
no sugar after the same dose In this connection, Kleiner ® found that 
sugar disappeared from the blood of nephi ectomized and normal dogs 

8 Kleiner, I S The Disappearance of Dextrose from the Blood After 
Intravenous Injection, J Exper Med 23 S07, 1916 
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at the same rate following intiavenous injections The rapid fall of 
blood sugai immediately after intiavenous injections is best accounted 
foi by distribution to the tissues, and the laige aiterial-venous differ- 
ences support the view 

Biiefly, the sequence of events following the intravenous injection 
of dextiose is (1) a lapid fall of the blood sugai brought about by 
diffusion of dextiose into muscle, skin, liver and other tissues, (2) a 
ledistiibution of the sugar fiom muscle, skin and subcutaneous tissues to 
othei oigans, notably the liver, there to be used m the foimation of 
glycogen, (3) further formation of glycogen by the muscles, with a 
coincident withdiawal of sugar from the blood 

The alterations of arteiial and venous blood sugar are consistent 
with this explanation The leniarkable featuie of the sugar curves 
presented m chart 4 is the ciossing of the aiteiial and venous curves 
m the 1101 mal animal and the fact that they do not cross m the animals 
with yellow fever The significance of this difference is that in yellow 
fevei the liver is capable of forming little or no glycogen, and hence the 
sugai IS not withdiawn from the blood so lapidly as m the normal ani- 
mals This assumption is validated by finding onl}^ traces of glycogen 
in the livers of monkeys d3mg with 3^ellow fever ° In noimal monkey 7 
(chart 4), the immediate distribution of dextiose to the tissues is evi- 
denced b3'’ the laige positive differences between the values for arterial 
and venous blood sugar obtained in the hist foity minutes after injec- 
tion A similai leaction occuiied in monkey 9, ill with yellow fever 
Howevei, after fort3^ minutes the aiteiiovenous diffeiences in monkey 7 
became negative, while in monke3'- 9 they remained positive throughout 
the expel iment During the second foit3’^ minutes of the expeiiment with 
monkej’- 7, sugai was being lemoved from the muscles b3'- the blood and 
piesumabl3'- earned to the liver for the formation of glycogen Since 
glycogenesis in the liver of monkey 9 was pioceeding slowly or not at 
all, the revel sal of aiteiiovenous differences in blood sugai was not 
evident Still later in the expeiiment, when the blood sugar was 
approaching fasting levels, gl3'^cogenesis made itself evident m the mus- 
cles, and theie was a second leveisal of the aiteiiovenous differences 

Thus the outstanding distinctions between the leactions to the tests 
for sugar toleiance of noimal monke3^s and those ill with yellow fever 
are the slowei fall of the blood sugar level and the lack of reveisal of 
the ai teriovenous diffeiences in blood sugai m the sick animals Both of 
these vaiiations can be accounted foi b3'’ the inability of the liver to 
foim glycogen 

SUMMARY 

1 The response of the blood sugar of noimal monkeys to dextrose 
administered peroially is iriegulai Monkej^s very ill with j^ellow fever 
show practically no increase in blood sugar after the ingestion of 1 Gm 
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of dextiose per kilogiam, clnefl> because in tins condition sugar is 
absorbed extiemely slowly, if at all, from the alimentary canal 

2 Tolerance for sugar is diminished in yellow fever before the 
monkeys become prostrate 

3 Dextrose injected intrar^enousl) is not so rapidly removed from 
the blood of monkeys ill with yellow ferei as from the blood of normal 
monkeys 

4 In normal monkeys, after the intravenous injection of dextrose, 
accelerated glycogenesis in the liver is manifested by a crossing of the 
curves for arterial and venous blood sugar as the initial hyperglycemia 
subsides Crossing of the curves is absent in ^-ellow fever, indicating 
loss of hepatic function 
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At various times Jeiusalem aitichokes have been advocated in the 
diet of the diabetic patient The tuber is iich in muhn, which on 
hydiol}sis }ields leMilose, a monosacchai id to which is attiibuted the 
peculiar power of easiei assimilation than dextiose Joshn^ expressed 
the belief that this ma} be due to the conveision of a portion of the 
levulose to rat oi to a moie active stimulation of the pioduction of 
insulin 

A ^^old ma} not be amiss heie conceining the name and history 
of the plant The following information is contained m an article by 
Shoemaker- The Jeiusalem aitichoke, Hehanthns tubeiosns L, is 
widely known but little used in the United States Champlain found 
the tuber growing in the gardens of the Indians at Mallebarre (now 
Nauset Harbor. Cape Cod, IMass ) on July 21, 1604 Lescaibot, a 
companion of Champlain, probably introduced it into France Plants 
similar in giow^th and flowering to many of the present day varieties 
grown at Washington, D C , weie described and pictured by Colonna 
in 1616 as occurring in the gaiden of Cardinal Fainese at Rome The 
name, “Jeiusalem aitichoke,” has been a souice of continual comment, 
since It is neithei desciiptive noi true Foi many yeais the first wmrd 
has been explained as an English coiruption of the Italian woid “gira- 
sole” meaning, at piesent, sunflow'-ei The lesemblance m flavor of the 
Jerusalem artichoke to the true artichoke has accounted for the latter 
half of the name 

The plant is wudeh distiibuted thioughout the United States Its 
range of growdh is usuall} given as fiom New York to Minnesota 
and soutlnvaid to Geoigia and Aikansas IMoie lecently its cultiva- 
tion has been intioduced into Coloiado, Oregon and California 

^ Submitted for publication, Dec 3, 1930 

' From the Department of Biochemistry, Unuersitv of Colorado School of 
Medicine 

T Research fellow under a grant from Pabst Dietary Products, Inc 

1 Joshn, E P The Treatment of Diabetes Mellitus, ed 4, Philadelphia, Lea 
& Febiger, pp 630-631 

2 Shoemaker, D N The Jerusalem Artichoke as a Crop Plant Tech 
Bull no 33, U S Dept of 'Agriculture, Washington, D C, October, 1927 
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In spite of repeated investigations, divergencies still exist as to 
the nature and relative proportions of the carbohydrates found in the 
tubei This is probably due to the fact that the various analyses have 
been made on tubei s that have beem collected at different seasons of 
the yeai and stored for varying lengths of time Any one who is at 
all familiar with this vegetable knows that immediately after frost there 
IS a marked increase in its sugar content Prior to that time, the raw 
tuber has an insipid taste, as soon as frost occurs, it becomes sweet 
and acquires an improved flavor The most complete report on the 
natuie of the caibohydrates is the recent contribution of Thaysen, Bakes 
and Gieen® who concluded that the unripe, autumn-gathered tuber con- 
tains a large amount of an insoluble, nonfermentable carbohydrate 
appaiently identical with inulm, which disappeais almost completely 
towaid spring, giving way to increased proportions of the more soluble 


Table 1 — Poccntage of Dish ibuHon of Caibohydi cites in the Jeiiisalem Aitichoke 
(Hehanthus tubei osus L ) Calculated on the Basis of the Total 
Carbohydi atcs Pi cscnt 



Inulin and 

Simpler 


Pseudo Inubn, 

Carbohydrates, 

Tubers Harvested 

per Cent 

per Cent 

Sept Oct , 1892t 

84 CCt 

15 34 

November, 1923 

41 44 

58 56 

March, 1924 

102 

98 98 


* Prom Thaysen, Bakes and Green (footnote 3) 
t Analysis taken from Tanret (footnote 4) 

t Includes mulenin, helianthenin and synnnthrm, carbohydrates similar to inulin, but not 
separated by the analyses of Thaysen, Bakes and Green 


carbohydrates that are already present to a slight extent in the autumn 
tuber Table 1 gives analyses taken from this paper to show how changes 
occur in the carbohydrates with the ripening of the tuber 

The question of the fermentability of inulin and related carbohy- 
drates should receive some consideration, as fermentation may play an 
impoitant part in the assimilability of the more complex cai bohvdrates 
of the artichoke Although inulin itself is unfermentable by yeast, 
Tanret ^ reported that it was fermented when present in a solution of 
already fermenting carbohydi ates, an observation that was confirmed 
by Thaysen, Bakes and Green ® Moreover, the lattei investigators 
found that a comparatively mild autoclaving without the use of acid 
h^^drolysis is sufficient to render inuhn fermentable by yeast 

Thus, the literature shows that tubers of Jerusalem artichokes that 
have been allowed to remain in the ground until the plant has been 

3 Thaysen, A C , Bakes, W E , and Green, B M On the Nature of the 
Carbohydrates Found in the Jerusalem Artichoke, Biochem J 23 444, 1929 

4 Tanret Bull Soc chim de France 9 622, 1893 (cited by Thaysen, Bakes 
and Green, footnote 3) 
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killed by fiost contain a lelatively high peicentage of digestible cai bo- 
ll} drates, that autoclaving will hydrolyze some of the higher carbo- 
hydrates and that fermentation of inulin by yeast may occur in the 
presence of feimenting carbohydi ates From the latter facts, it seems 
probable that oidinaiy cooking may lender digestible some of the more 
complex caibohydiates that aie left in partially iipened tubers, and 
that inuliii may behave m the piesence of bacteiial fermentation of 
other carbohydrates as it does with the fei mentation by yeast undei 
such conditions 

In 1923, Joshn and Root ^ reported that the feeding of 15 Gm of 
inulin 111 the foim of Jeiusalem artichokes did not pioduce glycosuiia 
in the diabetic peison Root and Baker‘s obtained beneficial results in 
a gioup of patients over a peiiod of six months and concluded that, in 
the amounts given, the Jerusalem aitichoke could be added to the diets 
without inci easing the glycosuria, when it was present, or pioducmg 
it when previously absent In ceitain cases, when the tubeis were sub- 
stituted for the othei carbohydrates in the diet, glycosuiia disappeared 
Carpenter and Root ^ studied intensively the effect of the Jerusalem 
artichoke on a person with diabetes melhtus when the tuber furnished 
half of the carbohydrate in the diet This case is also mentioned else- 
where by Joshn,^ and both wi iters were enthusiastic about the utiliza- 
tion of the carbohydrates of the artichoke by the diabetic patient How- 
ever, Westcott and Wise,® using one subject ovei a peiiod of eighteen 
days, reported negative lesults and concluded that diied artichokes have 
no advantage as a diabetic food 

Our interest in the subject was aioused by the reports of several 
physicians that they had found the Jeiusalem aitichoke to be of tremen- 
dous value in the dietetic contiol of diabetes The contioversial nature 
of the reports in the literature pieviously cited convinced us of the 
impoitance of further investigation 

EXPERIMENTAL DATA 

Beginning in January, 1930, the effect of feeding artichokes to a group of 
diabetic patients m the Colorado General Hospital ° of the University of Colorado 
School of Medicine was studied The procedure adopted was to place a patient 

5 Joshn, E P , and Root, H F Levulose and the Diabetic Metabolism, 
J A M A 80 1727 (June 9) 1923 

6 Root, H F, and Baker, M L Inulin and Artichokes in the Treatment 
of Diabetes, Arch Int Med 36 126 (July) 1925 

7 Carpenter, T M , and Root, H F The Utilization of Jerusalem Arti- 
chokes by a Patient with Diabetes, Arch Int Med 42 64 (July) 1928 

8 Westcott, L E , and Wise, E C Failure of a Diabetic Patient to Utilize 
Dried Artichoke Powder, Arch Int Med 44 362 (Sept) 1929 

9 During the period of hospitalization all patients were on the medical service 
of Dr Charles N Meadcr 



316 


ARCHIVES OF INTERNAL MEDICINE 


on an adequate diabetic diet and to adjust the intake of carbohydrate so that a 
dehnite but slight gljcosuria of moderate variation would result Although the 
accomplishment of this might require a number of da 3 S, or even as long as three 
or tour weeks, e\ery care w'as made to establish the patient’s tolerance before 
proceeding with the feeding of the artichokes Not until a glycosuria with a 
rariation of onh a few' grams m the daily average output of sugar w'as obtained, 
could it be considered safe to study the effect of artichokes m the diet Then they 
were introduced either bj substituting the carbohydrates of the artichoke for 
other carboh\ drates or bj superimposing them on the carbohydrate already present 
None of the patients received insulin at any time during the experimental period 
Thus, b} the method adopted, it was possible to determine, from a study of any 
change that might occur m the amount of sugar excreted when the artichokes 
w'ere led, w'hether or not thej had had anj influence on the subject’s tolerance for 
carboh% drates 

The artichoke pioducts^® used had been prepared and preserved for commer- 
cial distribution by different processes All were made from tubers that had 
remained in the ground until the plants had been killed by frost Several kinds 
of preparations were fed m order to furnish vanetj' to the patient Puree, w'hich 
consisted of the ground artichoke preserved in its own juice after sterilization 


Ta.ble 2 — Analyses of Jeiusalem Ailtcliohc Products 



Dried Slices, 

Puree, 

riaKcs, 


per Cent 

per Cent 

per Cent 

Moisture 

3 81 

77 20 

2 03 

Fat 

0 43 

OCO 

30 02 

Carbohydrate 

67 27 

17 20 

52 20 

Protein 

7 59 

2 20 

4 41 

Mineral salts 

7 03 

1 50 

313 

Cellulose and undetermined 

13 87 

1 SO 

7 24 


Furnished by Pabst Dietary Products, Inc 

with steam, dehjdrated slices, dried in vacuo at moderately low' temperatures, 
and artichoke flakes, similar to potato flakes and made bj cooking the freshly 
sliced tubers in cottonseed oil, were used Table 2 gues analyses of the Jerusalem 
artichoke products as furnished bj the manufacturer 

The flakes w'ere fed as received The puree was served as a soup, or as a 
vegetable after seasoning w’lth salt, pepper and butter, and cooking down to a 
more solid consistency The dried slices were made palatable by steaming, or 
by cooking in a casserole, w'lth such foods as cheese, shrimp, meat or various 
vegetables, and b^ appropriate seasoning The flakes w'ere found to be the most 
palatable and the patients w'ere able to consume more artichokes m this form 
without discomfort than w'hen the other products were eaten 

During the first few da^'s of the feeding of artichokes, the patients experienced 
considerable abdominal distress from the formation of gas If the amount of 
artichokes in the diet was not increased too rapidlj', these symptoms were amelio- 
rated to a great extent and, subsequentlj', it was usuallj' possible to give large 
quantities of artichoke products, particularly if the greater amount w'as in the 
form of flakes, w'ltliout a recurrence of marked discomfort 

A caretul record w'as made of the intake of food of each patient, and speci- 
mens of urine were collected at interrals of tw'entj'-four hours throughout the 
experimental period Quantitative determinations of the sugar excreted w'ere made 

10 All ot the artichoke products W'ere supplied b^ Pabst Dietarj Products, Inc 
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by the Benedict method The urine was tested daily for acetone by the Legal 
method and for diacetic acid by the Gerhardt method Total nitrogen was deter- 
mined by the Kjeldhal method, both as a check on whether or not we had received 
a complete twenty-four hour specimen and so that we might later refer to the 
metabolism of nitrogen, if the artichokes were found to have any influence on 
the diabetic condition of the patient At frequent intervals, blood was drawn 
before breakfast, and sugar was determined by the procedure of Folm-Wu 12 as 
modified for use with the Peebles-Lewis colorimeter's 

The patients studied were recruited from the outpatient department of the 
hospital, and only those from whom satisfactory cooperation could be expected 
were used The cases varied from the mild to the moderate type of diabetes The 
following representative cases are reported 

REPORT or CASES 

Case 1 — G W, a boy, aged 15, weighing 147 pounds (66 7 Kg), had had 
influenza at 13, followed by “kidney trouble,” defective vision and puffiness below 
the eyes In March, 1929, he fell from a ladder on a school plaj'ground, at 
which time he wrenched his right side and bruised the right side of his face, but 
suffered no loss of consciousness Soon after the fall he noticed the first symp- 
toms of diabetes, namelj'’, polyuria, potydipsia and marked loss of weight No 
treatment was instituted until September, when he was hospitalized Under a 
regulated diet and the administration of insulin, he responded satisfactorily and 
was discharged after one month At home he became careless in controlling his 
diet When he first came under the care of Dr Stem early in November, he was 
living on a normal diet, taking 20 units of insulin every day The blood sugar 
was 272 mg per hundred cubic centimeters, and the twenty-four hour specimen 
of urine showed 227 Gm of dextrose On a diet of 50 Gm of carbohydrate, 
75 of protein and 150 of fat the glycosuria w'as controlled m six days, and the 
necessity of using insulin was eliminated m ten more days When the patient 
entered the Colorado General Hospital on Jan 7, 1930, for observation during the 
feeding of artichokes, the urine w^as sugar-free The diet was increased gradually 
to produce gl 3 ’'cosuria On February 16, he was getting 400 Gm of carbohydrate, 
80 of protein and 120 of fat, and w'as excreting such a fairly constant amount of 
dextrose daily that he w^as considered ready for studj' Table 3 gives data con- 
cerning the diet and laboratory observations m this case during the experimental 
period Subsequent to the discharge fiom the hospital, this patient was observed 
in the outpatient department of the School of Medicine and continued m first class 
condition without the administration of insulin for the several weeks that follow^ed 

Case 2 — In A R , a woman, aged 25, weighing 106 pounds (48 1 Kg ) , sugar 
was found in the urine during an influenza attack a year previously, but no treat- 
ment was instituted by the attending plij^sician During the preceding few' months 

11 Benedict, SR A Method for the Estimation of Reducing Sugars, J 
Biol Chem 9 57, 1911 

12 Folin, O, and Wu, H \ S 3 '’stem of Blood Analysis Supplement I 
A Simplified and Improved Method for Determination of Sugar, J Biol Chem 
41 367, 1920 

13 Peebles, A R, and Lewis, R C A Simple and Accurate Colorimeter 
for Clinical Use, JAMA 70 679 (March 9) 1918 Lewis, R C Two 
Improved Designs of the Peebles-Lewis Clinical Colorimeter, J Lab & Clin Med 
16 914 (June) 1931 
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Tablf 3 — Data Concerning the Diet and Lahoiatoiy Obsetvahons in G W 


Diet 


Urine 




Vol 

Nitro 

Date, 

"Weight, 

time, 

gen. 

1930 

Pounds 

Ce 

Gm 

2/15 

142 

2,070 

79 

2/16 

142 

2,545 

92 

2/17 

142 

2,330 

79 

2/18 

142 

2,360 

10 6 

2/19 

142 

1,420 

67 

2/20 

142 

2,140 

91 

2/21 

143 

2,075 

65 

2/22 

143 

1,505 

S3 

2/23 

143 

3,180 

11 2 

2/24 

143 

1,565 

55 

2/25 

143 

2,680 

7 5 

2/26 

144 

2,010 

83 

2/27 

144 

2,210 

93 

2/28 

144 

2,475 

85 

3/ 1 

145 

2,325 

93 

3/ 2 

145 

2,015 

81 

3/ 3 

145 

2,280 

8 5 

3/ 4 

144 

1,755 

50 

3/ 5 

144 

2,390 

81 

3/ 6 

144 

2,430 

81 

3/ 7 

144 

2,355 

87 

3/ 8 

144 

2,195 

7 1 

3/ 9 

146 

3,355 

92 

3/10 

146 

2,795 

80 

3/11 

146 

2,735 

101 

3/12 

144 

2,940 

10 2 

3/13 

145 

3,000 

84 

3/14 

145 

3,075 

90 

3/15 

145 

1,420 

87 

3/16 

145 

2,520 

10 2 

3/17 

145 

2,355 

70 

3/18 

145 

2,445 


3/19 

145 

4,526 

16 7 

3/20 

145 

2,010 

05 

3/21 

145 

2,060 

00 

3/22 

145 

1,655 

79 

3/23 

145 

2,085 

89 

3/24 

146 

1,060 

90 

3/25 

145 

2,240 

89 

3/26 

145 



3/27 

145 

1,040 

74 

3/28 

145 

1,540 

70 

3/29 

145 

1,710 

72 

3/30 

145 

1,310 

08 

3/31 

145 

2,520 

54 

4/ 1 

145 

1,425 

56 

4/ 2 

145 

2,420 

88 

4/ 3 

145 

1,610 

0 5 

4/ 4 

145 

2,120 

62 

4/ 5 

145 

1,790 

86 

4/ 6 

145 

2,230 

10 8 

4/ 7 

145 

2,040 

71 

’‘4/ 8 

144 

2,365 

6 5 

4/ 9 

143 

2,395 

97 

4/10 

144 

2,020 

12 2 

4/11 

144 

1,800 

12 9 

4/12 

143 

1,035 

10 0 

*4/13 

141 

1,855 

15 0 

4/14 

140 

1,835 

10 9 

4/15 

138 

1,560 

116 

4/16 

138 

1,995 

10 4 

*4/17 

137 

2,610 

74 

4/18 

137 

2,285 

13 6 

♦4/19 

137 

2,900 

18 9 

4/20 

137 

2,840 

161 

4/21 

137 

2,040 

13 9 

4/22 

136 

1,950 

13 5 

4/23 

135 

2,350 

13 5 

4/24 

135 

2,445 

12 2 

4/25 

133 

1,800 

12 3 

4/29 






Blood 

Pro 


Sugar, 

Sugar, 

tein. 

Pat, 

Gm 

Mg 

Gm 

Gm 

37 


80 

120 

4 8 


80 

120 

31 


SO 

120 

29 


80 

120 

17 

88 

SO 

120 

38 


80 

120 

69 


80 

120 

28 


80 

120 

31 


SO 

120 

3 5 


80 

120 

33 

98 

80 

120 

4 1 


80 

120 

31 


80 

120 

84 


80 

120 

2 5 


80 

120 

27 


80 

120 

43 

107 

SO 

120 



80 

120 



80 

120 

66 


80 

120 

10 0 


SO 

120 

00 


80 

120 

321 


80 

120 

10 0 


80 

120 

41 1 

140 

80 

120 

67 0 


80 

120 

44 3 

170 

80 

120 

91 5 


80 

120 

26 0 

168 

80 

120 

40 4 


SO 

120 

77 0 

178 

80 

120 

56 0 


80 

120 

1321 

212 

80 

120 

60 0 


80 

120 

00 3 

218 

80 

120 

46 3 


80 

120 

64 6 


80 

120 

74 8 

208 

80 

120 

87 2 


80 

120 


228 

80 

120 

30 4 


SO 

120 

17 0 

210 

80 

120 

33 8 


80 

120 

412 


80 

120 

371 

190 

SO 

120 

201 


80 

120 

81 9 

220 

80 

120 

oil 


80 

120 

119 0 

236 

80 

120 

115 8 


80 

120 

99 0 


SO 

120 

113 9 


80 

120 

129 0 

214 

80 

120 

145 3 


SO 

120 

145 9 

252 

SO 

120 

137 3 


80 

120 

81 4 

180 

80 

120 

23 8 


80 

120 

24 4 

210 

80 

120 

84 


80 

120 

10 2 


80 

120 

14 9 


80 

120 

82 


80 

150 

23 5 

184 

80 

150 

14 4 


80 

150 

12 2 


80 

150 

Trace 


75 

150 



75 

150 



75 

150 


190 

75 

150 


116 


_ 

Carbohydrate 

A 


Total, 

Artichoke, 


Gm 

Gm 

Calories 

400 


3,000 

400 


3,000 

400 


3,000 

400 


3,000 

400 

20 Suhst 

3,000 

400 

20 Subst 

3,000 

400 

20 Subst 

3,000 

400 

20 Subst 

3,000 

400 

40 Subst 

3,000 

400 

40 Subst 

3,000 

400 

40 Subst 

3,000 

100 

40 Subst 

3 000 

400 

70 Subst 

3,000 

400 

70 Subst 

3,000 

400 

70 Subst 

3,000 

400 

100 Subst 

3,000 

400 

100 Subst 

3,000 

400 

100 Subst 

3,000 

400 


3,000 

100 


3,000 

400 


3,000 

120 

20 Added 

3,080 

3,080 

420 

20 Added 

420 

20 Added 

3,080 

420 

20 Added 

3,080 

420 

20 Added 

3,080 

420 

20 Added 

3,080 

420 

20 Added 

3,080 

400 


3,000 

400 


3,000 

400 


3,000 

400 

100 Subst 

3 000 

400 

100 Subst 

3 000 

400 

100 Subst 

3,000 

400 

100 Subst 

3,000 

400 

100 Subst 

3,000 

400 

100 Subst 

3,000 

400 

100 Subst 

3,000 

400 

100 Subst 

3,000 

400 

200 Subst 

3,000 

400 

200 Subst 

3,000 

400 

200 Subst 

3,000 

400 

200 Subst 

3,000 

400 

200 Subst 

3,000 

400 

200 Subst 

3,000 

400 

200 Subst 

3,000 

400 

200 Subst 

3,000 

400 

200 Subst 

3,000 

350 


2,800 

350 


2,800 

300 


2,600 

300 


2,600 

300 


2,600 

300 


2,600 

250 


2,400 

230 


2,400 

150 


2,000 

75 


1,700 

75 


1,700 

75 


1,700 

75 


1,700 

75 


1,700 

75 


1,970 

75 


1,970 

76 


1,970 

75 


1,970 

50 


1,850 

50 


1,850 

50 


1,850 

50 


1,850 


* Aeetone present in urine (tests were made daily) 
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Table 4 — Data Cancel nwg the Diet and Laboiatoiy Obseimtions in A R 


Diet 

Urine , — 

»*< ■ — > <^n'rVir»V 





A 

\ 




Carbohydrate 




Vol 

Nitro 


Blood 

Pro 




K 


Date, 

Weight, 

ume, 

gen. 

Sugar, 

Sugar, 

tein. 

Pat, 

Total, 

Artichoke, 


1930 

Pounds 

Cc 

Gm 

Gm 

Mg 

Gm 

Gm 

Gm 

Gm 

Calories 

2/22 

110 

1,240 


76 


50 

150 

50 


1,750 

2/23 

109 

930 

33 

2 4 


50 

150 

50 


1,750 

*i2l24 

106 

1,555 

71 

26 

116 

50 

150 

50 


1,750 

^t2/25 

106 

1,720 

68 

1 8 


50 

150 

50 


1,750 

*fm6 

105 

1,530 

58 

1 7 


50 

150 

60 


1,790 

♦t2/2r 

107 

1,540 

60 

2 3 


50 

150 

60 


1,790 

*t2/2S 

107 

2,185 

59 



50 

150 

60 

20 Subst 

1,790 

*13/ 1 

107 

2,475 

72 

1 9 


50 

150 

60 

20 Subst 

1,790 

*13/ 2 

107 

2,490 

5 5 

1 8 


50 

150 

60 

30 Subst 

1,790 

13/ 3 

106 

3,115 

4 5 


113 

50 

150 

GO 


1,790 

3/ 4 

106 

2,015 

54 

16 7 


55 

150 

175 


2,270 

3/ 5 

107 

2,355 

3 1 

3 1 


50 

150 

GO 


1,790 

3/ 6 

103 

3,055 

47 

23 


50 

150 

SO 

20 Added 

1,870 

3/ 7 

108 

2,205 

4 6 



50 

150 

SO 

20 Added 

1,870 

3/ S 

108 

2,110 

47 



50 

150 

SO 

20 Added 

1,870 

13/ 9 

lOS 

2,815 

4 8 



50 

150 

SO 

20 Added 

1,870 

13/10 

109 

1,905 

4 5 



50 

150 

100 

40 Added 

1,950 

13/11 

109 

2,805 

38 


126 

50 

150 

100 

40 Added 

1,950 

13/12 

lOS 

1,955 

40 



50 

150 

140 

SO Added 

2,110 

3/13 

110 

2,835 

6 1 


107 

50 

150 

140 

SO Added 

2,110 

13/14 

111 

2,135 

35 



50 

150 

140 

SO Added 

2,110 

3/15 

110 

2,085 

45 


109 

50 

150 

160 

100 Added 

2,190 

3/lG 

111 

1,975 

43 



50 

150 

160 


2,190 

3/17 

111 

2,935 

38 

20 

124 

50 

150 

180 


2,270 

3/18 

111 

3,450 


1 9 


50 

ISO 

190 


2,310 

3/19 

110 

2,620 

4 5 


130 

50 

150 

200 


2,350 

3/20 

111 

2,725 

4 4 



50 

160 

200 


2,350 

3/21 

no 

3,300 

4 6 


148 

50 

150 

200 


2,350 

3/22 

no 

3,210 

5 5 

56 


50 

150 

210 


2,390 

3/23 

no 

3,200 

62 

82 


50 

150 

220 


2,430 

3/24 

no 

3,040 

5 6 

Trace 

156 

50 

150 

220 


2,430 

3/25 

no 

2,095 

58 



50 

150 

220 


2,430 

3/26 

111 

2,023 

35 


138 

50 

150 

220 

100 Subst 

2,430 

3/27 

112 

2,250 

39 



50 

150 

220 

100 Subst 

2,430 

3/28 

111 

1,540 

3 3 


124 

50 

150 

220 

100 Subst 

2,430 

3/29 

112 

3,180 

4 0 



50 

150 

220 


2,430 

3/30 

no 

1,880 

3 7 



50 

150 

220 


2,430 

3/31 

no 

2,025 

4 3 

Trace 

127 

50 

150 

320 

100 Added 

2,830 

4/ 1 

111 

2,700 

3 9 



50 

150 

320 

100 Added 

2,830 

4/ 2 

111 

2,025 

4 4 

36 

142 

50 

150 

320 

100 Added 

2,830 

*4/ 3 

111 

970 

36 

10 2 


50 

150 

320 

100 Added 

2,830 

4/ 4 

111 

2,400 

48 

17 0 

144 

54 

181 

252 


2,853 

4/ 5 

112 

1,700 

48 

72 


54 

181 

252 


2,853 

4/ 6 

111 

2,180 

4 3 

36 


54 

181 

200 


2,645 

4/ 7 

111 

1,690 

4 4 

14 


54 

181 

200 


2,645 

4/ 8 

no 

3,125 

58 

Trace 

172 

54 

181 

200 


2,645 

4/ 9 

no 

2,055 

68 

24 1 


54 

181 

200 


2,645 

4/10 

111 

2,635 

54 

31 

1S8 

50 

125 

150 


1,925 

♦4/11 

111 

2,585 

50 

13 9 


54 

125 

200 


2,141 

4/12 

no 

2,025 

4 5 

63 

224 

54 

125 

200 


2,141 

4/13 

no 

2,050 

41 

30 


50 

125 

100 


1,725 

4/14 

no 

2,515 

46 


156 

50 

125 

100 


1,725 

4/15 

no 

1,985 

50 



50 

125 

100 


1,725 

4/16 

no 

1,645 

4 6 



52 

140 

126 

26 Added 

1,972 

4/17 

no 

1,735 

50 

22 


52 

140 

126 

26 Added 

1,972 

4/18 

no 

2,035 

4 4 



52 

140 

126 

26 Added 

1,972 

4/19 

no 

2,300 

62 

Trace 

138 

52 

140 

126 

26 Added 

1,972 

4/20 

no 

1,855 

52 

Trace 


52 

140 

126 

26 Added 

1,972 

4/21 

109 

2,370 

49 



52 

140 

126 

26 Added 

1,972 

4/22 

no 

2,125 

6 1 



52 

140 

126 


1,972 

4/23 

109 

1,915 

47 



52 

140 

126 


1,972 

4/24 

no 

1,625 

4 5 



52 

140 

126 


1,972 


* Diacetlc acid present in urine (tests were made daib) 
t Acetone present in urine (tests were made daily) 
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she had lost 10 pounds (4 5 Kg) She was hungr\ and thirstj all ot the time 
and had pohuria to such a degree that it was necessar\ for her to urinate four 
or five times each night She complained that the skin of the face and lips seemed 
dr 3 ^ and the mouth parched She was admitted to the hospital for studj^ on Feb 
22, 1930 Complete data concerning the diet and laboratorv observations made 
during the period of hospitalization and experimental studv are given m table 4 

C'VSE 3 — C J, a woman, aged 49, weighing 152 pounds (689 Kg), had had 
influenza during the winter of 1929 from which convalescence was slow Soon 
afterward an abscess developed in the soft tissue at the base of the spine The 
attending physician examined the urine and discovered that sugar was present 
The patient was then placed on a diet restricted in carbohv drates, without insulin 
In December, she came under our care and was hospitalized on Jan 8, 1930 
Examination of the blood on that dav showed 196 mg of sugar , on January 13, 
242 mg , on January 22, 192 mg on Januarv 28, 164 mg , and on Februarj 3, 
164 mg per hundred cubic centimeters During this time the diet was being 
regulated so that a fairW constant amount ol unnarv sugar would be excreted 
before the feeding with artichokes began Data relative to the dietarv regimen 
and laboratorj' observations are given in table 5 

COMMENT 

In this group of patients, after a tairl} constant level of sugar 
excretion was obtained the Jerusalem artichokes were included in the 
diet (1) b}' substitution for othei carbohydrates to determine whether 
or not the carbohydrates of the artichoke would be better metabolized 
in the diabetic organism and (2) b}' addition to the diet as a further 
means of testing wdiethei or not the artichoke contained some principle 
similar to the glucokmin of Collip,^^ which Avould stimulate better com- 
bustion of the carboh}drate fed 

In G W (table 3), there was no appieciable change in the diabetic 
condition even when as much as 100 Gm of artichoke cai boh} drate, 
equivalent to 25 per cent of the total carbohv di ate was substituted 
'\\'hen as little as 20 Gm of the artichoke caibohydrate was given in 
addition to the other carbohv drate the patient excreted larger amounts 
of sugai than at any time previouslv and the blood sugar rose sharply 
Vain eftorts weie made to bring this patient back to his former con- 
dition both b} omitting the added carbohydiate and by substituting 
artichokes in the diet not until a marked deciease in the intake of 
carbohydrates was made, how^ever did the urine become free from 
sugar, and the blood sugar return to noimal We cannot account for 
the marked decrease in tolerance, which resulted when 20 Gm of arti- 
choke carbohydrate was added to the diet of this patient and which 
necessitated a marked reduction m the intake of carbohv drate before 

14 Colhp J B Glucokinin A New Hormone Present m Plant Tissue 
Preliminary Paper, J Biol Chem 56 513, 1923, Glucokmin J Biol Chem 57 
65 1923 
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Table S — Data Concerning the Diet and Laboiatory Observations in C J 


brine 




Vol 

Nitro 


Blood 

Date, 

W eight, 

ume. 

Ken, 

Sugar, 

Sugar, 

1930 

Pounds 

Cc 

Gm 

Gm 

Mg 

2/ S 

152 

2,740 

09 

89 


2/ 9 

152 

3,375 

83 

78 


2/10 

152 

3,135 

74 

59 


2/11 

152 

2,635 

69 

11 2 

108 

2/12 

152 

2,550 

00 

78 


2/13 

162 

2,975 

70 

79 


2/14 

153 

2,290 

72 

10 8 


2/15 

163 

2,G05 

03 

49 


2/lC 

152 

3,145 

64 

10 6 


2/17 

152 

2,185 

55 

80 


2/18 

153 

3,115 

81 

09 


2/19 

152 

2,505 

0 1 

7 3 

100 

2/20 

153 

2,355 

57 

SO 


2/21 

154 

2,430 

51 

50 


2/22 

152 

2,400 

50 

39 


2/23 

154 

2,250 

05 

12 2 


2/24 

153 

1,755 

00 

85 


2/26 

155 

2,385 

04 

00 

134 

2/2G 

154 

2,490 

08 

10 1 


2/27 

155 

2,200 

50 

4 5 


2/28 

155 

1,905 

02 

42 


3/ 1 

155 

1,475 

48 

4 0 


3/ 2 

156 

1,815 

55 

24 


3/ 3 

155 

2,500 

4 5 

38 

154 

3/ 4 

155 

2,615 

58 

13 3 


3/ 5 

155 

1,575 

53 

17 3 


3/ C 

153 

3,005 

08 

20 4 


3/ 7 

154 

1,905 

00 

20 2 


3/ S 

154 

2,405 

08 

31 0 


3/ 9 

155 

2,435 

7 1 

10 4 


3/10 

154 

2,135 

77 

11 2 


3/11 

155 

2,070 

08 

97 

172 

3/12 

154 

2,505 

07 

10 4 


3/13 

155 

1,725 

50 

90 

144 

3/14 

155 

2,240 

70 

20 1 


3/15 

155 

2,200 

49 

16 3 

170 

3/10 

155 

2,010 

58 

13 3 


3/17 

155 

1,810 

70 

02 

108 

3/18 

155 

1,980 


13 4 


3/19 

155 

2,820 

73 

14 1 

190 

3/20 

15G 

2,030 

62 

10 7 


3/21 

15G 

1,900 

68 

17 7 

174 

3/22 

15G 

1,865 

00 

19 3 


3/23 

15G 

2,490 

08 

20 4 


3/24 

154 

1,900 

8 5 

31 0 

188 

3/25 

15G 

1,500 

79 

25 0 


3/2G 

167 

1,940 

70 

20 7 

202 

3/27 

15G 

2,180 

8 4 

29 3 


3/28 

157 

1,700 

60 

13 1 

190 

3/29 

157 

2,230 

07 

25 5 


3/30 

157 

1,425 

03 

32 0 


3/31 

16G 

1,140 

4 9 

91 

180 

4/ 1 

158 

2,340 

SO 

30 7 


4/ 2 

159 

1,500 

0 1 

11 0 

200 

4/ 3 

159 

1,500 

40 

15 0 


4/ 4 

159 

2,200 

59 
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190 

4/ 5 

158 

2,380 

08 

48 9 


4/ G 

158 

2,580 

7 0 

50 0 


4/ 7 

158 

1,970 

84 

55 7 


4/ 8 

157 

2,850 

72 

20 9 

192 

4/ 9 

158 

2,570 

4 0 

78 


4/10 

157 

2,045 

7 0 

28 2 

182 

4/11 

167 

2,200 

84 

50 5 


4/12 

157 

1,930 

5 6 

37 3 

188 

4/13 

157 

2,405 

91 

44 3 


4/14 

157 

1,740 

70 

34 4 

210 

4/15 

157 

2,285 

91 

23 0 


4/10 

157 

1,780 

70 

39 3 


4/17 

157 

1,985 

8 5 

19 2 


4/18 

157 

2,395 

71 

12 2 


4/19 

157 

2,085 


24 8 

180 

4/20 

157 

2,430 

80 

15 0 


4/21 

157 

2,200 

11 0 

101 


4/22 

158 

1,575 

70 

50 


4/23 

158 

1,025 

05 

5 4 


4/24 

150 

1,095 

98 

78 


4/25 

15G 

2,280 

10 3 

13 7 
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/ 
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Gm 

Gm 

Gm 
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50 

140 
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2,200 

50 
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2,260 

50 
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200 


2,260 

60 

140 

200 


2,260 

50 

140 

200 

20 Subst 

2,260 

50 

140 

200 

20 Subst 

2,200 

60 

140 

200 

20 Subst 

2,200 

50 

140 

200 

20 Subst 

2,260 

50 

140 

200 

20 Subst 

2,260 

50 

140 

200 

20 Subst 

2,200 

60 

140 

200 

20 Subst 

2,260 

50 

140 

200 

40 Subst 

2,260 

50 

140 

200 

40 Subst 

2,260 

50 

140 
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40 Subst 

2,200 

50 
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40 Subst 

2,260 

50 

140 
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70 Subst 

2,200 

50 

140 

200 

70 Subst 

2,260 

50 

140 

200 

70 Subst 

2,260 

50 

140 

200 

70 Subst 

2,260 

50 

140 

200 

100 Subst 

2,260 

50 

140 

200 

100 Subst 

2,260 

50 

140 

200 

100 Subst 

2,260 

50 

140 

200 

100 Subst 

2,200 

50 

140 

200 

100 Subst 

2,260 

50 

140 

200 


2,260 

50 

140 

200 


2,260 

50 

140 

200 


2,200 

50 

140 

200 


2,260 

50 
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220 

20 Added 

2,340 

60 

140 

220 

20 Added 

2,340 

50 

140 

220 

20 Added 

2,340 

50 

140 

220 

20 Added 

2,340 

50 

140 

220 
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2,340 

50 

140 

220 
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2,340 

50 

140 

220 

20 Added 

2,340 

50 

140 

220 

20 Added 

2,340 

60 

140 

220 

20 Added 

2,340 

60 

140 

220 

20 Added 

2,340 

50 

140 

220 


2,340 

50 

140 

220 


2,340 

50 

140 

220 


2,340 

50 
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220 


2,340 

50 
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220 


2,340 

60 
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220 
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50 
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2,340 

50 
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2,340 

50 
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50 
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200 


2,200 

50 
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2,260 

50 
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2,200 

50 
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200 
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50 
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50 
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100 Subst 
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50 
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50 
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2,260 

50 
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60 
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50 
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50 
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2,060 

50 

140 
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50 
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50 
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1,700 

50 
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50 
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1,700 

00 
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1,540 

00 
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60 

100 

100 


1,640 

60 
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1,540 

60 

100 

100 


1,540 

00 
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50 


1,340 

00 
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60 


1,340 

60 
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50 


1,340 

00 

100 

50 


1,340 

00 
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60 


1,340 

60 

100 

50 


1,340 

60 

100 

60 


1,340 

00 

100 

50 


1,340 
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the diabetic condition, as judged by the excretion of uiinai} sugai and by 
blood sugar, became as satisfactory as it was previous to the feeding 
of the artichokes This upset may have been, and pi obabl) was, merely 
coincidental to the artichoke regimen, although the long continued stiain 
on the pancreas resulting fiom the high carbohydrate diet may in itself 
be sufficient to account for it 

In A R (table 4), no change in the excretion of dextrose prevailed 
when artichoke carbohydrate was substituted in the diet On the other 
hand, when artichokes were added to the diet, the urine became sugar- 
free and remained so, even when the addition of artichoke carbohydrate 
reached 100 Gm The conclusion that aitichokes m the diet of the 
diabetic patient have a beneficial effect might easily be dravn fiom this 
latter observation If we had stopped our study at this point, ve should 
have been forced to make such an interpi etation of our results How- 
ever, in this case an examination of our data shows that such an 
assumption would be unwarranted , for, when the artichokes were 
omitted from the diet and were replaced by 100 Gm of other carbo- 
hydrate, theie was still no gtycosuria, showing that the tolerance for 
dextrose had increased during this period In fact, the mine was 
sugar-free even after the diet had reached 200 Gm of carbohydrate, 
50 Gm of protein and 150 Gm of fat The enthusiastic reports 
that we have received from physicians concerning the therapeutic value 
of artichokes in diabetes are probably based on experiences similar to 
this one of ours, in which artichokes weie used before the patient’s 
tolerance to carbohydrate had been established Our expeiience with 
this patient offers a striking example of how erroneous such conclu- 
sions may be Further studies on this patient, after the tolerance had 
been established, gave no evidence that the artichokes had therapeutic 
value When artichoke carbohydrate was added to the diet of higher 
carbohydrate content, both the urinary sugar and the blood sugar 
increased The urine again became sugar-free when the diet was 
reduced to 100 Gm of carbohydrate, 50 Gm of protein and 125 
Gm of fat, which was enough to satisfy the patient’s appetite and 
make her comfortable, as she had had intense abdominal distress during 
the period of heavier feeding When 25 Gm of flakes (13 Gm of 
artichoke carbohydrate) was given at 10 a m and 3pm, respectively, 
she again complained of the severe formation of gas, and sugar appeared 
in the urine, but disappeared when the artichokes were omitted Thus, 
this case offers no support to the claims that the caibohydrate of the 
artichoke is better utilized by the diabetic patient than that of other 
sources 

In patient C J (table 5), there was little change in the glycosuria 
until the last few days of the first period of substitution when 100 Gm 
of artichoke carbohydrate was fed Then there was a slight reduction in 
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the amount of sugar excreted During the subsequent four day period in 
which theie were no aitichokes in the diet, theie was a marked aveiage 
increase m the glycosui la Later, when artichoke carbohy di ate was added 
to the diet, a decrease m the urinaiy sugai again occuiied, even though 
the intake of caibohydiate had been inci eased On substituting an 
equivalent amount of othei carbohydrate for that contained in the 
added aitichoke, theie resulted a moderate aveiage increase m the 
excietion of dextrose, which continued even after the extia cai bo- 
hydrate had been omitted and the intake of carbohydrate had been 
returned theieby to its former level When 100 Gm of aitichoke 
carbohydrate was again substituted m this diet, the excretion of dextrose 
deci eased somewhat Aftei the lemoval of the artichokes fiom the 
diet, there was an inciease in the amount of sugar elimination, m spite 
of the fact that the intake of caibohydrate was at the same time 
deci eased Thus, it is appaient that there has been a lowered excre- 
tion of sugar 111 each period of the feeding of artichokes, with a sub- 
sequent mciease m the output of dextrose when the artichokes have 
been withdiavn We feel that it would be entiiely un wan anted to 
claim without leseivation that this was the lesult of greater tolerance 
to the carbohydrate of the artichoke, or to some beneficial effect of the 
artichoke whereby the carbohydrate is better metabolized Thioughout 
the entire time that the artichokes were fed, this patient complained of 
abdominal distress, which was undoubtedly due to excessive fermen- 
tation, an occui rence that is i ather common when the artichokes are first 
eaten, as has already been mentioned This would result m a decrease 
of the assimilable caibohydiate sufficient to account for the fall m the 
amount of urinary dextiose which was found when artichokes were fed 
That there has been no real increase of tolerance to carbohydrate in 
this patient is further suppoited by the fact that an increase in blood 
sugai followed the addition of artichokes to the diet and continued 
until the intake of carbohydrate was markedly decreased m the latter 
part of the experimental peiiod At the end of the experimental 
period, it was necessary to reduce the intake of carbohydrate much 
below that given earliei before the elimination of sugar could be reduced 
to the same low level that oiigmally prevailed To say that this decreased 
tolerance was due to the pievious feeding of artichokes would be just 
as unwarranted as to claim that the aitichokes had a beneficial effect 
when they were first fed The only fair interpretation to make of our 
data in this case is that the artichoke proved of no value other than to 
provide variety to the diet 

Thus, if our interpretation of results is coirect, the carbohydrate 
of the artichoke was not utilized any better by our patients than was 
carbohydrate from othei sources, and no evidence was obtained to 
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indicate that the artichokes contained any insuhn-hke constituent that 
would promote the metabolism of carbohydrate 

Our results do not conflict with the observations of Root and 
Baker ® and of Carpenter and Root ^ concerning the utilization and 
metabolism of carbohydrates from Jerusalem artichokes To be sure, 
we did not make an examination of the feces foi unabsorbed carbohy- 
drate or study the respiratory exchange to determine the comparative 
metabolism of carbohjdrate during the periods of artichoke feeding 
Hovevei, the fact that there was no marked reduction in the excretion 
of sugar when 100 Gm of artichoke carbohydrate was substituted in 
the diet indicates definitely that a large part of the carbohydrates was 
absorbed and utilized by oUr patients 

Our data show that Jerusalem artichokes may be eaten in modera- 
tion b} patients with diabetes meUitus without causing an increase in 
the excretion of dextrose when glycosuria is present We feel justified 
in the further assumption, based on a pnoii reasoning, that moderate 
amounts of artichokes ma}’^ be eaten without producing glycosuria in 
patients in whom the urine has remained sugar-free Furthermore, 
our inquiries have elicited the information that permission to eat 
Jerusalem artichokes is welcomed and appreciated by patients with 
diabetes melhtus foi the reason that the additional vegetable provides 
greater -variety to the necessaril)^ limited diet of the diabetic person 

CONCLUSIONS 

1 The carbohydrates of the Jerusalem artichoke are absorbed and 
utilized b} patients with diabetes melhtus of the mild to moderate tj'pe, 
but the) are no better tolerated than carbohydrates from other sources 

2 Whene-\ei we have obtained an appaient beneficial effect from 
feeding artichokes, there has also occurred a formation of large amounts 
of intestinal gas arising from bacterial fermentation Consequently, 
there must have been a simultaneous reduction in the amount of 
assimilable carbohydrate sufficient to account for the decrease in the 
amount of sugar eliminated 

3 We believe that the leputed therapeutic value of Jerusalem arti- 
chokes in the diet of the diabetic patient, reported frequently by physi- 
cians from their personal experience, is based too often on uncon- 
trolled observations, and is a result both of overenthusiasm on the part 
of the observer and of the tendency of human nature to anticipate 
results, even at the expense of erroneous conclusions 

4 As moderate amounts of Jerusalem artichokes may be given 
■vMthout harm to patients with diabetes melhtus, physicians may well 
adopt the practice of using this vegetable to furnish variety to their 
prescribed diabetic diets 
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A state of deficiency of oxygen m the blood, or anoxemia, may 
be produced by dimimsbing the concentration of oxygen in the air 
breathed, or, as is usual m clinical disease, through an impairment of 
the functional activity of the respiratory or circulatory S}Stem An 
adequate transportation of ox)'gen from the lungs to the tissues iS 
maintained by the normal heart In cardiac disease an impairment of 
this function exists, although the significance of tins type of anoxemia 
in the symptomatolog}'’ of cardiac failure is not clearly understood 

HISTORICAL SURVEY 

Various aspects of the factor of the deficiency of ox>gen m the 
blood in the production of the symptoms of cardiac failure have been 
under investigation for the past two decades In 1915, Means and 
Newburgh ^ found a diminished oxygen saturation in the venous blood 
in cases of cardiac insufficiency Their lesults were confirmed in a 
larger numbei of cases by Lundsgaard ^ Of considerable interest was 
Harrop’s discovery® in 1919 that the oxygen saturation of arterial 
blood was also diminished in cardiac decompensation These obser- 
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^ A preliminary report of this investigation appeared m the Proceedings of 
the Society for Experimental Biology and Medicine (27 308 [Jan ] 1930) 

1 Means, J H, and Newburgh, L H Studies of the Blood Flow b\ the 
Method of Krogh and Lmdhard, Tr A Am Physicians 30 51, 1915 

2 Lundsgaard, C Studies of Oxjgen in the Venous Blood II Oxygen 
Unsaturation m the Venous Blood of a Group of Patients with Circulatory Dis- 
turbances, J Exper Med 27.179, 1918 

3 Harrop, G A The Oxygen and Carbon Dioxide Content of Arterial and 
of Venous Blood in Normal Individuals and m Patients wuth Anemia and Heart 
Disease, J Exper Med 30 241, 1919 
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vations were later confiimed by Barach and Woodwell,’ and by Camp- 
bell, Hunt and Boulton ^ 

In 1913 , Lewis, Ryftel, ^\'olf, Cotton and Baicioft,** by using ^the 
value K of Hill’s equation, leached the conclusion that an increase in 
the fixed acid of the blood occuiied in decompensation of the heart 
These obsei vations have been extended by Meakins and Long" who 
found an actual inciease in the lactic acid of the blood 

The position of the carbon dioxide dissociation curve in cases of 
caidiac msufficienc} is modihed by emphysema, renal disease and othei 
conditions, but most investigation has shown that it is either normal 
or lowered Beddard and Pembre}' '' observed a i eduction in the alve- 
olar carbon dioxide in caidiac decompensation Fitzgerald,” and latei 
Poiges, Leimdoifer and Marcovici,^” showed that the alveolar carbon 
dioxide was low m patients having caidiac disease with dyspnea and 
1101 mal m those without d3^spnea Peabody found that the lowered 
alveolar carbon dioxide duimg the period of decompensation was fol- 
lowed by a rise when compensation was restored 

The relation between the alveolar and the arterial carbon dioxide 
tensions was studied by Peteis and Barr,^- who found that the alveolar 
values were decidedly lower than the arterial in cases of advanced 
decompensation The same observation was noted by Campbell and 

4 Barach, A L, and Woodwell, M N Studies in Ox}gen Therapy with 
Determination of Blood Gases I In Cardiac Insufficiency and Related Condi- 
tions, Arch Int Med 28 367 (Oct ) 1921 

5 Campbell, J M H , Hunt, G H , and Poulton, E P An Examination 

of the Blood Gases and Respiration in Disease, J Path & Bact 26 234, 1923 

6 Lewis, T , Ryffel, J H , Wolf, C G L , Cotton, T , and Barcroft, J 

Observations Relating to Dyspnea in Cardiac and Renal Patients, Heart 5 45, 

1913 

7 Meakins, J , and Long, C N H Oxygen Consumption, Oxygen Debt, 
and Lactic Acid in Circulatory Failure, J Clin Investigation 4 273, 1927 

8 Beddard, A P , and Pembrey, M S Observations on Pulmonary Venti- 
lation in Disease, Brit M J 2 580, 1908 

9 Fitzgerald, M P The Alveolar Carbonic Acid Pressure in Diseases of 
the Blood and m Diseases of the Respiratory' and Circulatory Systems, J Path & 
Bact 14 328, 1909-1910 

10 Porges, O , Leimdorfer, A, and Marcovici, E Ueber die Kohlensauer- 
spannung des Blutes m pathologischen Zustanden, Ztschr f klin Med 77 446, 
1913 

11 Peabody, F W Studies on Acidosis and Dy'spnea in Renal and Cardiac 
Disease, Arch Int Med 14 236 (Aug ) 1914 

12 Peters, J P, Jr, and Barr, D P Carbon Dioxide Curve and Carbon 
Dioxide Tension of Blood m Cardiac Dyspnea, J Biol Chem 45 537, 1921 
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Poultoii/^ DAutiebande, Fettei and Meakms later showed that the 
use of aiteiial rather than venous blood for the construction of the 
carbon dioxide cuives i educed this discrepancy to a great extent in cases 
of moderate decompensation 

The carbon dioxide dissociation cuives of the blood weie found 
by Peteis and Bair^- to be at noimal levels m mild or moderate cases 
of cardiac insufficiency, but definitely reduced m certain cases of 
advanced cardiac failuie, particularly those with marked cyanosis 

The Itydiogen ion concentration of the arterial blood in caidiac 
disease may be altered by associated pulmonary or renal disease, by the 
administiation of morphine and by other complicating factors In 
general, it has been reported to be within normal limits in mild or 
moderate degrees of caidiac failure and to be definitely acid m extreme 
failuie, with letuin to normal when compensation was restored (Peters 
and Ban ^-) Instances of an alkaline m a few cases of cardiac 
dyspnea have been repoited by Meakms,’-^ and by Campbell, Hunt and 
Poulton ^ Fiaser, Ross and Dreyer repoited nine cases of alkalemia 
in patients with severe cardiac failure , their method of determining 
the />H> however, was the Dale-Evans dialysis technic, and, as no account 
was taken of the Donnan efiect, the accuracy of their results may be 
questioned 

In 1908, Beddaid and Pembrey® obseived that the inhalation of 
oxygen resulted m deci eased pulmonary ventilation m a patient with 
caidiac insufficiency This observation was later reported by Campbell 
and Poulton,^® who also observed a corresponding increase m the 
carbon dioxide concentiation of the expired air It is interesting to 
note that m normal animals living in an atmosphere containing a high 
degree of oxygen, J A Campbell noted an increase m the tissue 
tensions of both oxygen and carbon dioxide 

In 1921, Baiach and Woodwell'^ studied the effects of the inhala- 
tion of from 40 to 60 per cent oxygen mixtures over periods of from 
two to four hours m patients with cardiac insufficiency They found 
that the aiterial anoxemia was relieved, the oxygen saturation of 

13 Campbell, J H , and Poulton, E P The Relation of Oxygen Hemo- 
globin to the CO 2 of the Blood, J Physiol 54 1S2 and 166, 1920-1921 

14 DAutrebande, L , Fetter, W J , and Meakins, J C Influence of Circula- 
tory Disturbances on Gaseous Exchange of Blood, Blood Gases and Circulation 
Rate in Cases of Mitral Stenosis, Heart 10 153, 1923 

15 Fraser, F R , Ross, J P , and Dreyer, N B Reaction of Blood in Rela- 
tion to Dyspnoea, Quart J Med 15 195, 1922 

16 Campbell, J M H , and Poulton, E P The Effect on Breathless Sub- 
lects of Residence in an Oxygen Chamber, Quart J Med 20 141, 1926-1927 

17 Campbell, J A Prolonged Alterations of Oxygen Pressure in the 
Inspired Air with Special Reference to Tissue Oxygen Tension, Tissue Carbon 
Dioxide Tension and Haemoglobin, J Physiol 62 211, 1927 
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arterial blood being elevated to, or near, the noimal level An inciease 
in the oxygen saturation of venous blood also occuried, appar- 
ently proportional to the change in that of arterial blood The out- 
standing, objective, clinical results were a diminution of the cyanosis 
and a slowing of the pulse rate In some cases a distinct increase in 
the carbon dioxide content of the arterial and venous blood took place 
In two instances of right bundle branch block, a decreased notching and 
a diminished height of the R wave were piesent during the inhalation of 
oxygen 

Recently, Baker i eported a case of bundle branch block in which 
the inhalation of oxygen resulted in a disappearance of the aberrant 
ventricular complexes and a striking improvement in intraventricular 
conductivit} 

In most of the previous studies the obvious difficulty m determin- 
ing the effect of oxygen therapy m cardiac disease has been a technical 
one, in that it was not possible to keep patients continuously m atmos- 
pheies containing a high degree of oxygen over consideiable periods 
of time This hindrance has been overcome by the use of an oxygen 
chamber in which the patient may reside in an atmosphere containing 45 
per cent ox>gen in comfort for weeks or months at a time 

METHODS 

In the present investigation, throughout which the Barach oxygen chamber 
was used, we studied eight patients who were suffering from various forms of 
circulatory failure 

The method of study varied considerably in detail according to the clinical 
situation The general plan was as follows The patient was first given the 
benefit of treatment in the ward for a number of days (see clinical histones), 
with digitalis and other treatment as indicated At a time when his condition 
either appeared to be stationary or was becoming worse, he was transferred to 
the oxygen room In certain cases an additional control period was carried out 
in the oxygen room, in which the temperature was maintained at 66 degrees, the 
relative humidity at 40 per cent and the oxygen concentration at 21 per cent 
The concentration of oxygen in the chamber was then raised to 45 per cent, 
and the patient was kept in this atmosphere for from three to sixty days 

After a number of days in an atmosphere containing a high degree of oxygen, 
and when, clinically, the patient’s condition seemed to be changing little from 
one day to the next, the concentration was lowered to 21 per cent and maintained 
at this level for three or four days, with the patient remaining in the chamber 
This was done expressly to rule out the possibility that the changes that were 
observed in the patient’s condition during residence in the oxygen chamber were 
simplj due to the alteration m temperature and humidity from those m the ward 
Usually he was given a high amount of oxygen for a further period, after which 
the concentration was lowered gradually over a da 3 '’ or two , the patient was then 
returned to the ward Sometimes it was necessary to give the patient further 
treatment with oxygen by nasal catheter 

18 Baker, B M The Effect of Cardiac Rate and the Inhalation of Oxygen 
on Transient Bundle Branch Block Arch Int Med 45 814 (May) 1930 
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The Baracli oxygen chamber has been described elsewhere The ventilation 
IS by thermal circulation of the air The temperature can generally be kept con- 
stant within 2 degrees , in this investigation for most of the time it was between 
64 and 66 degrees , the humidity was regulated between 35 and 40 per cent The 
ox 3 fgen concentration was maintained at 45 per cent, with a range of 2 or 3 per 
cent The carbon dioxide concentration varied between 015 and 0 5 per cent 

All of the patients (except I S , case 8) were given a measured intake of 
fluids and a “cardiac diet” (limited amount of fluids, low m salt, with small, 
frequent feedings), and their output of urine was measured The administration 
of digitalis, sedatives and other treatment was kept, as far as possible, the same 
when the patient was in an atmosphere containing a high degree of oxygen as 
during the control periods No diuretics were given at any time during the 
period of observation 

Determinations of the basal metabolic rate were made with the Benedict-Roth 
apparatus Ventilation was calculated from the graphic records of the respira- 
tion obtained with tins apparatus, except in cases 3 (J Sn), 7 (A S) and 8 
(I S ), in which the expired air was collected in a Douglas bag 

Studies of the blood were made on arterial samples that were drawn in the 
morning under basal conditions from the brachial (occasionally the radial) 
artery For determinations of the oxygen and carbon dioxide, blood was trans- 
ferred under oil to containers with small amounts of dried neutral potassium 
oxalate and sodium fluoride In the construction of carbon dioxide curves of 
oxygenated whole blood, sometimes two points were determined, sometimes only 
one, in which latter case the slope was estimated from the oxygen capacity (see 
Peters, Bulger and Eisenman,2o and Richards and Strauss 21 ) The Van Slyke- 
Neill manometnc apparatus was used for measurements of gas m the blood, and 

the Boothby modification of the Haldane apparatus for the analyses of gas A 

correction was made in the carbon dioxide values of the blood after equilibration 
in the tonometers, owing to loss of carbon dioxide capacity during this pro- 
cedure 22 Arterial ps values were calculated from the carbon dioxide content 
of arterial whole blood and from the carbon dioxide curves, the graphic method 
described by Van Slyke and Sendroy 23 being used In the determination of the 
cardiac output in cases 6 (J Sr ), 7 (A S ), 3 (J Sn ) and 8 (I S ), the Fick 

principle was employed with carbon dioxide from arterial blood as measured, and 

the carbon dioxide content of mixed venous blood obtained by a technic preMOUsly 
described by Richards and Strauss The output of carbon dioxide was found by 
collecting expired air in a Douglas bag and analyzing for carbon dioxide 

19 Barach, A L A New Type of Oxygen Chamber, J Clin Investigation 
2*463 (Aug 20) 1926, New Oxygen Chamber Ventilated by Thermal Circula'-ion 
of Air, Mod Hosp 32 144 (Jan ) 1929 

20 Peters, J P , Bulger, H A , and Eisenman, A J Studies of Carbon 
Dioxide Absorption IV J Biol Chem 58 747, 1923 

21 Richards, D W, and Strauss, M L Circulatory Adjustment in Anemia, 
J Clin Investigation 5 161, 1928 

22 Bock, A V , Dill, D B , Edwards, H T , Henderson, L J , and 
Talbott, J H On Partial Pressures of Oxygen and Carbon Dioxide in Arterial 
Blood and Alveolar Air, J Physiol 68 277, 1929 

23 Van Slyke, D P, and Sendrej’', J, Jr Studies of Gas and Electrolyte 
Equilibria in Blood Line Charts for Graphic Calculation by Henderson-Hassel- 
balch Equation and for Calculation of Plasma Carbon Dioxide Content from 
Whole Blood Content, J Biol Chem 79 781, 1928 
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RESULTS 

Of the eight cases studied, six were pnmaril}' of caidiac disease, 
the remaining two primarily of pulmonary disease with secondary cir- 
culatory failure The effects on these patients of continuous lesideiice 
in atmospheres containing a high degree of oxygen are shown in the 
clinical histoi les and in the accompanying tables and charts 

It will be noted that the most consistent and pionounced effects 
were obtained in the following thiee patients, all of whom had marked 
congestive cardiac failure case 1, A L, a 55 year old Negress, with 
cardiac insufficiency based on myocardial fibrosis and general arterio- 
sclerosis , case 2, J McQ , a man of 53 yeai s, with cardiac insufficienc}- , 
togethei with a large aortic aneurysm, and case 3, J Sn , a man of 30 
years, with cardiac insufficienc}'^ associated with advanced fibrosis of the 
lung 

In these patients the major effects of the inhalation of an atmosphere 
containing 45 per cent oxygen were 1 Theie weie marked subjective 
improvement, decrease of cyanosis, relief of d}spnea, oithopnea and 
cough, beginning generally within three hours after the entrance of 
the patients into an atmosphere containing a high degree of oxygen 
2 There was an increase of urinary output and disappearance of edema 
of gradual onset which usually did not reach its maximum for from 
three to five days In (case 3) J Sn, the diuresis was paralleled b} 
a marked loss in weight In the other two cases the weight was not 
measured In all three patients a return to an atmosphere containing a 
normal amount of oxygen resulted in a deci eased urinary output and 
a return of edema When the oxygen concentration was again raised a 
second diuresis was brought about In cases 1 (A L ) and 2 (J McQ ) 
this sequence was obtained both by transfeiring the patient fiom the 
ox)'gen loom to the waid, and by lowering and laising the oxygen in 
the chamber without removing the patient f i om it In J Sn , this course 
could not be followed, but at a later time the same result was obtained 
while the patient was in the ward, the administration of oxygen by 
nasal catheter u as stopped, and it was then resumed af tei the patient had 
shown definite signs of the retention of water (deci eased output and 
increased weight) 

3 There was increased oxygen saturation of arteiial blood This was 
definite and maiked for A L (case 1) and J Sn (case 3), as shown 
in the tables In case 2 (J McQ ), unfortunatel} , the eailier measure- 
ments of arterial oxygen were vitiated by the fact that a determination of 
the basal metabolic rate (a high degree of oxygen being used for 
rebreathing) was performed just befoie the arterial puncture, and 
sufficient time was not allowed foi the patient’s ai terial blood to retui n 
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Chart 1— Changes in the oxygen saturation o£ arterial blood, m the carbon 
dioxide content of arterial blood, m pulmonary ventilation, m arterial pn and in 
pulse rate, following the residence of the patients m an atmosphere containing a 
high degree (45 per cent) of oxygen The initials represent the individual patients 
Patient I B (case 5) was studied over two periods (a) from September 27 to 
October 12, and (b) from October 15 to October 19 Table gives further details 
The oxygen saturation of arterial blood while the patient was residing in an 
atmosphere containing 45 per cent oxygen was not measured, but it was normal ev en 
when the atmosphere contained but 21 per cent oxjgen An estimate, based on 
the facts that (a) clinical cjanosis was always marked but not extreme, (&) little 
observable change occurred while the patient was in an atmosphere that contained 
45 per cent oxygen and (c) the oxjgen saturation of arterial blood under the 
conditions just mentioned was only 87 per cent An estimate, based on the 

facts that (a) oxygen saturation of arterial blood while the patient was in 
the ward, in a state of decompensation, was 84 per cent, and that (&) clmica y, 
cyanosis cleared completely while he was in an atmosphere that contained per 
cent oxj'-gen 
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* All chemical data reported m this table were obtained from arterial blood 

t Other measurements of the blood of this patient were as follows on December 28, lucllo acid, 22 6 mg per hundred cube centimeters, serum chlorine, 97 mm 
serum protein, 614 per cent, on January 2, serum chlorine, 95 8 mm , serum protein, 5 05 per cent, on January 6, lactic acid, 7 mg per hundred cubic centimeters, serum 
chlorine, 97 mm , and serum protein, 5 35 per cent 
t Patient was receiving oxygen by nasal catheter 
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to Its usual oxygen satuiation Climcally, the clearing of this patient’s 
c)^anosis when he was in an atmospheie containing a high degree o 
oxygen was definite 

4 There was a shaip rise in the carbon dioxide content and in the 
carbon dioxide cui\e of arterial blood ^^hen the patient ^vas in an atmos- 
pheie containing a high degree of oxygen 

5 There was decreased pulmonaiy ventilation, lowered pulse rate 
and model ate inciease in the vital capacity of the lungs 
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Chart 2 — Relation of the oxygen m the atmosphere to the balance of water 
in patients A L, J McQ and J Sn (cases 1, 2 and 3) The upper (shaded) 
blocks show the percentage of oxygen in the atmospheric air, the lower (solid) 
blocks, the total intake of fluids minus the urinary output, the differences expressed 
as cubic centimeters per day 


6 In case 3 (J Sn ) other measurements showed (a) a slight 
increase in cardiac output, (b) a sharp fall in the lactic acid of the blood, 
from 22 6 mg to a normal value of 7 mg and (c) a lowered percentage 
of protein m the serum An unexplained, piofuse, intestinal hemorrhage, 
with considerable fall in the oxygen capicity, was probably concerned 
m this last change, owing to dilution of the blood serum 
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M G (case 4) and I B (case 5) cl eaily repiesent a different group 
from the thiee first summaiized These were both cases of advanced 
and active rheumatic cardiac disease, A\ith cyanosis, generalized passive 
congestion, edema and iriegular fever Subjectively, the patients were 
more comfortable and less dyspneic when they weie in an atmosphere 
containing a high degiee of oxj^gen, their cyanosis was somewhat 
improved, and in one case comparative measurements showed an increase 
111 the aiterial oxygen satin ation from 84 to 93 per cent In each case 
theie was a moderate rise m the level of the carbon dioxide cuive Little 
change, however, occuiied m the edema, and there was no tendency to 
diuresis However, I B (case 5) was removed abruptly from the chamber 
when the atmospheie contained 45 per cent oxygen to the ward, where 
she lapidly went into collapse, with renal suppiession foi twenty houis, 
low blood pressure and profound cyanosis The arterial oxygen satura- 
tion again fell to 84 per cent (this measurement was taken when the 
patient was receiving 4 hteis of oxjgen a minute b}’^ nasal catheter), 
the carbon dioxide dropped to the lemarkabl)' low \alue of 26 4 per cent 
b} volume, and the arterial fell from 7 44 to 7 36 Aftei the patient 
returned to the chambei m which the atmosphere contained 45 per cent 
oxygen, as noted in the clinical record, she quickly returned to her former 
condition During the next twenty-four hours she passed 1,000 cc of 
urine Both of these patients showed lowered pulse rates while they 
were m an atmosphere containing a high degree of oxygen 

In the five caSes cited, all of the patients may be said to have improved 
111 an atmosphere containing 45 per cent oxygen Other changes occurred, 
although not constantly lowered respiratory rate, lowered body tempera- 
ture, decreased basal metabolism, slightly raised arterial pn and decreased 
red blood cells and hemoglobin Theie seemed to be no consistent altera- 
tion m the blood pressure 

Two patients J Sr (case 6) and A S (case 7) showed practically 
no reaction whatever to the increase in atmospheiic oxygen Case 6 
was m a man of 54, with long-standing initial stenosis, gieat cardiac 
enlargement and enlargement of the liver, but no edema or orthopnea 
Clmicall} , he was moderatel}'^ cj^anotic, but this was evidently of venous 
origin, for when he was m the ward his arterial blood showed an oxygen 
saturation of 91 per cent or more The development of a mild ihmitis 
and bronchitis, with a transient lowering of the carbon dioxide curve 
and of the vital capacity, seemed to be the onlj change ivhile he ivas 
in the oxygen chamber Subjectively, he was no better 

A S (case 7), a girl, aged 13, had congenital cardiac disease, which 
autopsy shoived to be the tetralogy of Fallot, combined ivith patent 
ductus arteriosus The case is being reported by Richards in further 
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detail elsewheie-'* It is sufficient to note here that the arterial oxygen 
saturation of about 60 pei cent was increased only to 65 per cent 
when she was in an atmosphere containing a high degree of oxygen, 
that theie was no change in the carbon dioxide or in the urinaiy output, 
that the pulmonaiy blood flow was practically unaltered, and that sub- 
jectively she was not impioved She did not have edema at any time 
She was not in the oxygen chamber long enough to rule out the pos- 
sibility of a change m urinary output relative to the intake of fluid 

Finally, I S (case 8), a man, aged 29, with advanced chronic tuber- 
culosis, including cavitation and paialysis of the light side of the 
diaphiagm due to phremcotomy, was also studied m the oxygen chambei 
He vas model ately cyanotic, maikedly dyspneic and orthopneic and 
suffeied greatly from a violent cough On examination, his heart, except 
tor the lapid late, appeared to be normal For the first six days he was 
kept in the oxygen chamber with the atmosphere containing 21 per cent 
of oxygen , then the oxygen was raised to 45 per cent and was maintained 
at that level foi two months Table 1 shows that there were a moderate 
impiovement m the arteiial oxygen saturation, an increased urinaiy 
output lasting about two weeks (though the patient never had any 
edema) and a lemarkable rise m the carbon dioxide content of the blood 
of from 54 9 to 73 5 per cent by volume, giving an arterial carbon dioxide 
tension of 67 mm Subjectively the patient was slightly better in an 
atmosphere containing a high degiee of oxygen 

COMMENT 

In this somewhat vai led group of cases of circulatory failure in which 
treatment with atmospheies containing 45 per cent oxygen was instituted, 
there aie ceitam general tendencies that may be summarized 

The SIX patients who showed unmistakable clinical improvement, when 
breathing room air, were chaiacterized by a low arterial oxygen satura- 
tion and a definitely inci eased saturation when in an atmospheie con- 
taining 45 per cent oxygen With one exception, case 9, I S , they had 
congestive cardiac failure It seemed to be true also that maiked sub- 
jective benefit came only after the oxygen saturation had been laised 
to 90 per cent or above Clinically, the clearing of cyanosis m these 
patients occuried within a few houis after their mti oduction to the 
atmosphere containing a high degree of oxygen 

Conversely, the two patients whose aiterial oxygen (and the cyanosis) 
was not appreciably altered showed no effects as a result of remaining 
in an atmosphere containing a high degree of oxygen 

24 Richards, D W Congenital Heart Disease Measurement of the Circula- 
tion, Arch Int Med 47 484 (March) 1931 
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Table 2 — Intake of Fluid and Output of Uiine with Vaiytng Detei mmaiions of 
the Oxygen C oncenii ations of the Respiicd An 




Ward 

Per Cent 

Average 

Average 






or 

of Oxygen Intake of 

Output of 



A\eratc 



Oxygen 

in Atmos 

Fluids per 

Urine per 


Weight, 

Pulse 

Case and Date Dajs* 

Boom 

phere 

Day, Oc 

Day, Cc 

DiHerence 

Pounds 

Rate 

A L 

7 

W 

21 

1,124 

‘ 043 

+481 


74 

June-July, 

4 

0 

40 

628 

495 

+133 


70 

1929 

4 

w 

25t 

1,080 

387 

+093 


So 


0 

0 

45 

972 

' 1,030 

— 58 


04 


5 

0 

45 

968 

1,070 

—108 


62 


6 

0 

45 

927 

1,153 

—226 


GO 


5 

0 

19 

656 

548 

+108 


68 


3 

0 

25 

730 

1,013 

—313 


60 


3 

0 

45 

627 

1,137 

—510 


58 


2 

0 

27 

835 

1,012 

—177 




8 

w 

21 

1,400 

9SG 

+411 

108 

67 

J McQ 

2 

w 

21 

900 

475 

+425 


84 

August-Sep 

2 

0 

45 

1,145 

150 

+695 


83 

tember, 1929 

7 

0 

45 

1,449 

1,537 

—138 


70 


9 

0 

45 

1,272 

899 

+373 


78 


5 

0 

20 

1,263 

510 

+753 

• 

83 


5 

0 

45 

1,250 

613 

+637 


78 


7 

0 

45 

1,267 

1,226 

+ 41 


74 


O 

0 

45 

1,203 

797 

+406 


70 


3 

0 

28 

1,353 

598 

+757 


72 


6 

w 

21 

1,388 

746 

+642 


70 

J Sn 

7 

w 

21 

1,349 

639 

+600 

H9 

108 

January- 

9 

0 

45 

1,258 

1,473 

—215 

137 

110 

March, 1930 

7 

w 

25t 

1,050 

1,436 

—386 

119 

110 


7 

w 

25t 

1,514 

946 

+568 

125 

100 


7 

w 

21 

1,393 

675 

+718 

125 

112 


7 

w 

21 

1,532 

046 

+880 

130 

110 


7 

w 

251 

1,371 

907 

+4G4 


00 


8 

w 

25t 

1,297 

9S2 

+315 

122 

114 

M G 

7 

w 

21 

1,557 

434 

+1,103 

139 

80 

September- 

7 

0 

45 

1,531 

508 

+1,023 


70 

October, 1929 

7 

0 

45 

1,296 

458 

+838 


SO 


10 

w 

21 

1,048 

318 

+730 


100 

I B 

5 

w 

21 

1,000 

550 

-r430 


114 

September- 

1 

0 

21 

1,260 

650 

+610 


92 

October, 1029 

5 

0 

45 

1,148 

420 

+728 


79 


5 

0 

45 

1,188 

458 

+730 


82 


6 

0 

45 

1,280 

594 

+686 


77 


1 

w 

21 





100 


1 

W-0 

21 40 

1,105 

235 

+870 


106 


6 

0 

45 

1,240 

673 

+567 


80 


7 

0 

40 

1,291 

083 

+603 


95 


8 

w 

25t 

913 

394 

+519 


85 


8 

w 

25t 

1,088 ^ 

221 

+807 


65 

J Sr 

6 

w 

21 

1,079 

1,042 

+ 37 

145 

74 

Julj- August 

3 

w -0 

21 

1,057 

833 

+224 


70 

1929 

7 

0 

20 

1,134 

1,079 

+ 55 


72 


7 

0 

45 

1,276 

1,054 

+222 


70 


7 

w 

21 

1,497 

804 

+693 

145 

63 

A S 

4 

w 

21 

2,500 

725+ 

+1,775 


83 

Aprii, 1930 

4 

w 

21 

2,725 

431+ 

+2,294 


83 


4 

0 

45 

2,100 

813 

+1,287 


80 


4 

w 

21 

2,413 

493+ 

+1,920 


98 

I S 

6 

0 

21 

2,154 

608 

+1,546 

100 

102 

Maj , 1930 

6 

0 

45 

1,421 

SOS 

+013 

100 

84 


6 

0 

45 

1,516 

1,071 

+445 

101 

80 


e 

0 

45 

1,483 

707 

+716 

101 

eO 


few'd^ys time during which a patient was studied was dnidcd into short periods of a 

t Patient in the ward, receiving oxygen by nasal catheter 
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All patients who were clinically improved also showed a rise in the 
arterial carbon dioxide content and in the level of the carbon dioxide 
dissociation curves There seemed to be some proportion between the 
extent of this rise and the inciease in the arterial oxygen saturation 
(chart 1) 

It IS of interest to inquire whether the aforementioned changes in 
the gas content of the blood can be correlated with the alterations in pul- 
monary function that occur with increased oxygen concentration in 
the respired air 



Chart 3 (case 5) — Hospital chart of patient I B , showing changes following 
her withdrawal from an atmosphere containing a high degree of oxygen for 
twenty hours 

In cases of advanced cardiac failure, the defects in the anatomy and 
physiology of the lungs have been extensively investigated The marked 
decrease in vital capacity has been associated by various writers with 
the suggestion of von Basch^^ that there is a stiffennig of the lung 
(Lungenstarre) due to the congestion of the pulmonaiy blood vessels 
In one of our cases (J Sn ) during the stage of advanced congestive 

25 von Basch, S S K Verschiedene Aufsatze im klmische und expen- 
mentelle Studien, Berlin, A Hirschwald, 1891 
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failure, the patient used his full vital capacity at each lespiration In 
such a situation, an increased ventilation can, of couise, occur only by 
an increased late of lespiiation This phase has been investigated by 
Engelhard and others It has been shown by Binger that the resi- 
dual an IS diminished relatively little in cases of congestive failure In 
this condition Siebeck has demonstiated the unequal aeration of dif- 
ferent paits of the lungs That there is a decreased capacity of the 
alveolar membranes foi the diffusion of respired gases seems inevitable, 
but the extent of this effect is unknown 

The end-results of these various aspects of pulmonaiy dysfunction 
are dyspnea, with increase in ventilation, and in the advanced stages, 
more oi less arteiial oxygen unsaturation The tiansport of carbon 
dioxide by the lungs is less embarrassed, and (as has been described) 
accumulation of carbon dioxide raiely occuis The question of the 
actual nature of the stimulus in the “respiratory centei ” and the influence 
of the factors mentioned need not be discussed in the present connection 
It is clear that the chief difficulty in the pulmonary function in 
cardiac failure, namely, the transport of oxygen from the atmosphere 
to the blood, will at once be lessened when increased concentiations of 
this gas aie bieathed Pulmonary (and aiteiial) blood will receive 
increased oxygen saturation, and at the same time pulmonary ventila- 
tion can decrease As to the internal mechanism whereby the i espiratory 
activity IS lessened, our data do not contain anything new Clearing 
ot arterial anoxemia will presumably decrease the accumulation of acid 
111 the tissues In the one case m our series in which lactic acid was 
measuied (case 3 , J Sn ), the value lapidly returned to normal fol- 
lowing the inhalation of atmospheie containing a high degiee of oxygen 
That the respiratory stimulus was generally decreased is evidenced 
b} the loweied ventilation (chait 1 ), and that there was some diminution 
111 the acidity of the tissues is suggested by the small but consistent 
lowering of the aiterial hydrogen ion concentration 

Considered from the point of view of transport of oxygen and 
carbon dioxide, the altered pulmonary action resulting from inhalation 
of a high degree of atmospheric oxygen has m itself a consequence that 
mai be related to the increased carbon dioxide levels of the blood which 
ue have found The high degree of oxygen in the inspned aid will 
evidently make possible the absorption of a sufficient amount of oxygen 
at a lou er ventilation than previously But deci eased ventilation will in 

turn make more difficult the necessar}'^ elimination of carbon dioxide 
1 

26 Engelhard, A Der Wert der Spirometne fur die Klinik der HerzkranK- 
heiten, Deutsche Arch f khn Med 156 1 1927 

27 Binger, CAL Lung Volume in Heart Disease, J Exper Med 38 445, 
1923 

28 Sieheck R Ueber die kardiale Dj'^spnoe, Khn Wchnschr 8 2121, 1929 
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To meet this situation, two adjustments can be made either an mciease 
in pulmonary ventilation or an increase m the carbon dioxide levels 
of the blood and hence m the alveolar air so that a given amount of 
carbon dioxide can be eliminated at a lower ventilation than before 
It seems that the state of equilibrium which these cases have assumed 
in an atmosphere containing a high degree of oxygen is of the lattei 
t}pe 

It should also be noted that as cardiac compensation is restored, a 
rise m the caibon dioxide levels has been observed to take place even 
in cases m which ox}gen theiapy was not given, although geneially not 
to the same degiee 

The mechanism whereby the use in the carbon dioxide level actually 
took place is difficult to explain The fall m the level of the lactic 
acid 111 the blood would be entirel}^ inadequate to account for the total 
mciease m caibon dioxide that we found in several cases Further 
studies now m progress indicate that so far as the blood electrolytes 
are conceined, a rise m the serum bicarbonate is accompanied by a fall 
in the serum chloiide 

One of the impoitant features m the group of cases in which the 
patients were benefited by obtaining a high degree of oxygen is that 
clinical improvement continued steadily for a week or moie after the 
patient’s first introduction to an atmosphere containing 45 per cent of 
oxygen The clearing of cyanosis and some relief in the uigency of 
the dyspnea began, as noted, within a few horns Thereafter, the 
decrease in respiiatory discomfoit and especially the gradual disap- 
pearance of orthopnea were progressive for a number of days 

The most stuffing of the delayed effects in three cases were the 
diuresis and the disappearance of edema Clinical improvement was 
most marked m these patients, all of whom had extreme congestive 
cardiac failure Edema recurred when the oxygen was lowered to 21 
per cent if compensation was not fully restored by that time 

For this apparent diuretic effect of an atmospheie containing a Ingh 
degree of oxygen we are not able to offer an adequate explanation on 
the basis of the facts now at our disposal That a better state of the cir- 
culation resulted from the improved tiansportation of oxygen is obvious, 
and that this must have been reflected m a more adequate renal function 
appears also to be a necessaiy inference Other possibihtes sug- 
gest themselves (a) tissue capillaries, dilated because of anoxemia 
(Krogh^®), with consequent alteration in permeability (Landis 

29 Krogh, A The Anatomy and Physiology of Capillaries, New Haven, 
Conn, Yale University Press, 1922 

30 Landis, Eugene M Micro-Injection Studies of Capillary Permeability, 
in The Effect of Lack of Oxygen on the Permeability of the Capillary Wall to 
Fluid and to the Plasma Proteins, Am J Physiol 83 528, 1928 
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returned to their normal state, (h) increased capillary and venous pres- 
sures returned to normal, (c) some other alteration may have taken 
place in the water balance of the tissues, following exposure to a high 
degree of oxygen, dependent on the general electi olyte changes of which 
the rise in the carbon dioxide curve was a part It is evident that a 
more complete metabolic study should be made of this type of diuresis 

Our studies of the dynamics of circulation were not sufficiently 
comprehensive to permit conclusions as to the possible effects of tieat- 
ment with oxygen in this regaid The difficulty of making satisfactory 
determinations of cardiac output in cases of caidiac failure is well 
known, in four cases we were able to make a fairly reliable measure- 
ment of this function namely, in the cases of J Sr and A S (who 
weie not improved clinically), J Sn and I S All four showed 
a small rise in cardiac output following the inhalation of a high degree 
of oxygen, the change in each case being about at the upper limit of 
the error of the method There were no consistent changes in arterial 
blood pressure The pulse rate was lowered Measurements were 
not made of the blood volume, blood velocity and venous pressuie 

SUMMARY 

1 Eight patients suffering from various forms of circulatory failure, 
with cyanosis, were treated in an oxygen chambei for from tliiee to 
sixty days, the oxygen in the atmosphere being kept at 45 per cent 

2 The five patients who had congestive caidiac failure with arterial 
anoxemia were benefited by an atmosphere containing a high degree 
of oxygen The striking objective changes were increased arterial 
oxygen saturation with decrease of cyanosis, diminished pulmonary 
ventilation and rise in the carbon dioxide levels Subjectively, there was 
relief from dyspnea and orthopnea 

3 Three of the patients experienced marked diuresis and disap- 
pearance of edema while breathing a high degree of oxygen The edema 
returned when the degree of oxygen was loweied, and again disappeared 
when the oxygen was increased, as long as cardiac insufficiency was 
present 

REPORT or CASES 

Case 1 — H-istoj y — A L , a colored woman, aged 55, was admitted to the 
hospital for the sixth time during the past five years on April 29, 1929, with 
a diagnosis of cardiac insufficiency and h}'pertrophy, auricular fibrillation, chronic 
myocarditis and general arteriosclerosis She was in a severe state of decompensa- 
tion Ten days before admission she caught a cold, which was followed by 
dyspnea, cough, frothy sputum and swelling of the extremities 

Physical Examination — The patient was old-looking, markedly uncomfortable, 
dyspneic and orthopneic, and had an anxious expression The heart was greatly 
enlarged to the left and to the right, fibnllating, with a rate between 90 and 100, 
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the pulse was very feeble A loud systolic murmur was heard over the pre- 
cordium The blood pressure was 140 systolic and 80 diastolic Numerous sibilant 
and a few moist rales were heard over the lungs The liver was palpable midway 
to the umbilicus There was moderate edema of the extremities The Wasser- 
mann reaction of the blood was negative The blood urea was 0 40 Gm pei liter 
The excretion of phthalein was 35 per cent m two hours and a quarter 

Cow sc — ^The patient improved temporarily after phlebotomy and the adminis- 
tration of salyrgan and digitalis At the end of six weeks’ residence m the 
hospital she was still uncomfortable, with marked dyspnea and epigastric distress 
The edema m the legs was increased, while fluid was accumulating m the abdomen 
and chest On June 10, she was transferred to the oxygen chamber, m which 
the atmosphere contained an oxygen concentration of 45 per cent Striking 
improvement occurred m her general well-being within three hours and relief 
from dyspnea within six hours During the first four days in the oxygen chamber, 
she was more comfortable and entirely relieved from orthopnea, though the epi- 
gastric discomfort persisted She was then removed from the chamber, and in 
the next twenty-four hours the pulse rate rose from 70 to 90, the temperature 
from 99 to 100 F and the rate of respiration from 20 to 38 Dyspnea and 
orthopnea returned For part of the time during the next four days she received 
oxygen by nasal catheter, obtaining slight relief, and part of the time she spent 
in an ox 3 ^gen tent, with moderate relief On June 21, she was returned to the 
oxygen chamber, the oxygen concentration being 45 per cent On the following 
day the dyspnea and orthopnea were greatly decreased The patient was kept in 
this atmosphere for seventeen days, at the end of which time her condition was 
improved, there was no orthopnea, little epigastric distress and a slight cough 
The edema of the legs and the ascites had decreased considerably, but had not 
disappeared entirely The oxygen concentration m the chamber was then lowered 
to 19 per cent for five days Dyspnea and orthopnea reappeared and the patient’s 
vital capacity was only 520 cc The liver was palpable almost to the umbilicus 
There was a reaccumulation of edema, and deciease of the urinary output In 
the next three days with the oxygen concentration at 25 per cent, she showed 
definite improvement, and the urinary output increased The concentration of 
oxygen was then raised to 42 per cent, and the patient experienced a return of 
general comfort and increased diuresis During the three days before she was 
returned to the ward, the oxygen concentration was gradually lowered, and she 
was removed from the chamber with no increase in dyspnea or orthopnea In 
the ward she continued to improve, her vital capacity increasing to 940 cc The 
urinary output was strikingly increased over the intake of fluids during the 
patient’s residence m an atmosphere containing a high degree of ox^^gen and 
lowered during the periods when she inhaled a low amount of oxygen She was 
finally able to sit in a chair, and on August 1 she left the hospital much improved 
Later, while at home, decompensation again developed, dyspnea and edema 
increased progressiveliq and she died on October 29 

Case 2 — Ht<!foiy — J McQ , a white man, aged 53, was admitted to 
the hospital on Aug 13, 1929, with diagnosis of cardiac insufficiency and hyper- 
trophy, aneurysm of the ascending aorta, chronic cardiac valvular disease, aortic 
and mitral insufficiency, chronic myocarditis, general arteriosclerosis and hydro- 
thorax on the left side For the preceding three years he had suffered from attacks 
of epigastric pain, radiating to the sternum and mterscapular region, accompanied 
by increasing dyspnea, orthopnea and swelling of the extremities During the six 
weeks before the patient s admission the symptoms had become worse and the 
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patient entered the hospital for the third time There was no historv of rheumatic 
or syphilitic disease The Wassermann reaction of the blood was repeatedly nega- 
tive The blood urea w'as 0 38 Gin per liter 

Physical Examinahon — The patient w'as tall, gaunt and middle-aged, djspneic 
slightly cyanotic and markedly prostrated The heart w^as enormously enlarged, and 
the left border could be felt in the anterior axillarj line There was marked 
s}stolic expansion of the w’all of the chest on both the lett and the right side 
There was a continuous double murmur in the aortic area, transmitted into the neck 
and audible at the apex The blood pressure w'as 130 systolic and 30 diastolic On 
the pre\ious admission fluoroscopy had show'ed marked extensive pulsation of the 
right margin of the heart shadow' and intrapencardial aneurjsm The liver was 
palpable below the costal margin There were pitting edema in the low'er half of 
both legs and signs of fluid in the low'er half of the left side of the chest The 
basal metabolic rate w'as 29 per cent Tw'O daj's after admission, the patient’s 
vital capacity w'as 1,510 cc 

Course — After three days in the ward, during w'hich the patient failed to 
improve and continued to be critically ill, he was transferred to an oxjgen 
chamber with a concentration of oxj'gen of 45 per cent On the follow'ing da\, 
dyspnea w'as relieved, C3'anosis w'as absent, and he w'as much more comfortable 
The vital capacity at this time measured 2,050 cc Tw'o dajs after he had entered 
the oxj'gen chamber the urinary output rose from 500 to 1 700 cc The temperature, 
pulse rate and respiratory rate gradual!}' decreased General impro\ement con- 
tinued during the following eighteen dajs’ residence in the oxjgen room, the vital 
capacity rose to 2,600 cc , and the edema of the legs diminished 

The oxj'gen concentration in the chamber was then lowered graduallj' in fortv- 
eight hours to 20 per cent and was maintained at that level for four dajs The 
patient’s condition became progressive!}' worse, with increased djspnea, cyanosis, 
rapid pulse and respiration and rise in temperature, accompanied by a fall in 
urinarv excretion and a drop in vital capacity to 1,490 cc The oxjgen concentra- 
tion was again raised to 45 per cent with a gradual return, within the next week, 
of the patient’s previous comfortable condition During the following ten dajs 
diuresis continued, until he was completely free from edema of the extremities 
and from fluid in the chest The oxj'gen concentration was again gradualh 
lowered to 21 per cent in forty-eight hours, and the patient was remov'ed to the 
ward There was a temporarj' slight return of djspnea and general discomfort, 
with elevated pulse and respiratorv rates and a fev'er which continued for three 
days During the next month he remained in the W'ard in fairlj' good condition 
without oxj'gen, but he had occasional attacks of djspnea At the end of this 
time the vital capacity was 1,510 cc Later he failed gradualh , he became increas- 
inglj dj'spneic and cyanotic, had severe substernal pain, and required large amounts 
of morphine He died on December 14 

Case 3 — Histoiy — Sn , a white man, aged 30, was admitted to the hos- 
pital on Dec 20, 1929, with the diagnosis of interstitial pneumonia, cardiac 
hvpertrophj' and insufficiencv, adherent pericardium, ascites, generalized edema, 
atrophic rhinitis, chronic pharjngitis and intestinal hemorrhage Seven jears 
before admission the patient had been troubled with nasal exudate, drvness of 
the throat and cough For fiv'e jears there had been progressiv'e dvspnea on 
exertion, fatigue, cj'anosis, productive cough and clubbing of the fingers He 
had been confined to his bed for much of the time during the past j'ear, and tor 
a month there had been increasing generalized edema He had been at Bellevue 
Hospital, but at the suggestion of Dr James A Miller had been transferied to 
the Presbvterian Hospital for further treatment 
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Physical Examination — The patient was dyspneic and orthopneic, with a puft\ 
face, generalized edema and marked grayish cyanosis of the skin and mucous mem- 
branes The fingers were clubbed, and the nail-beds were markedly cyanosed The 
nasal mucous membranes were atrophic and there was much crusting , the pharynx 
was congested There was marked dulness over the upper lobes of both lungs, 
with harsh bronchial breathing and many moist rales The heart was enlarged to 
the left and right, the rate was rapid with a gallop rhythm during inspiration, and 
the pulmonic second sound was accentuated The liver was enlarged, and the edge 
of the spleen was palpable There was moderate generalized peripheral edema and 
ascites 

Examination of the blood showed red cells, 6,500,000, and hemoglobin, 108 
per cent (Sahli) , the Wassermann reaction was negative The blood urea was 
0 35 Gm per liter Examination of the sputum was negative for tuberculosis A 
roentgenogram of the chest showed a dense infiltrative process spreading upward 
and laterally from the hilus on both sides Fluoroscopy of the heart showed gen- 
eral enlargement, a dilated conus and slight fixation of the pericardium with 
change of position 

Course — During the patient’s first week in the ward, he became definitely 
worse, cyanosis, edema and respiratory discomfort increased His temperature 
varied between 101 and 102 F On December 28, he was transferred to an oxygen 
chamber containing 45 per cent of oxygen, subjective improvement and decrease 
of cyanosis were noted within a few hours The urinary output was more than 
doubled on the second day after transfer from the ward, and this increase was 
maintained (on the average) for the next two weeks On his fifth day in the 
oxygen chamber an intestinal hemorrhage suddenly developed, and in the next 
thirty-six hours the patient lost about 1 5 liters of blood He was drowsy, seemed 
weak and had a marked tachycardia His fever, which since admission had con- 
tinued its gradual rise, dropped to normal by crisis at the end of the second day 
of hemorrhage (Jan 2, 1930) The bleeding thereafter gradually stopped, its 
cause was not found On January 7, he was again transferred to the ward, and 
oxygen was administered by nasal catheter at about 4 liters per minute Diuresis 
continued, and by January 14 all edema had disappeared The signs in the lungs 
seemed to clear slightly A moderate cyanosis persisted This regimen was 
continued for the next two months Other medication — potassium iodide in large 
doses and ethyl iodide by inhalation — was tried, with no apparent effect On 
March 14, the administration of oxygen was discontinued , for the next two weeks 
his cough and cyanosis grew worse, and the temperature rose and the pulse rate 
increased steadily The urinary output was decreased, and the weight increased, 
though there were no definite signs of peripheral edema The administration of 
oxygen by nasal catheter again produced increased urinary output and the loss of 
9 pounds (4 1 Kg ) in weight This treatment was continued for two months 
longer, when the patient was transferred to the Montefiore Hospital for a month, 
during which time no oxygen was administered He was then (July, 1930) 
ambulatory and well enough to go home At present. May, 1931, he is at home 
ambulatory, but not able to work 

Case 4 — Histoiy — M G, a white woman, aged 52, was admitted to 
the hospital on June 22, 1929, with the diagnosis of cardiac insufficiency and 
hypertrophy, auricular fibrillation, chronic cardiac valvular disease, mitral stenosis 
and insufficiency, aortic insufficiency, hydrothorax and ascites For the past ten 
years the patient had suffered from breathlessness on exertion One vear betore 
admission, she had been treated in the hospital for her first attack of cardiac 
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decompensation For seventeen days prior to the present admission she had com- 
plained of severe dyspnea, orthopnea, palpitation and swelling of the extremities 

Physical Examination — On examination, the patient was moderately dyspneic, 
slightly cyanotic, anxious and distressed The heart was markedly enlarged to 
the right and to the left, the action was irregular, the rate at the apex was 84, the 
radial rate was 78 , a systolic murmur was heard at the apex and a diastolic mur- 
mur at the left border of the sternum The blood pressure was 232 systolic and 
104 diastolic The lungs showed signs of fluid in the right side of the chest Tne 
liver was palpable 7 cm below the costal margin There was moderate edema of 
the thighs and the ankles The temperature ranged between 100 and 102 F The 
Wassermann reaction of the blood was negative There was a 40 per cent excre- 
tion of phthalem m two hours and a quarter The blood urea was 0 32 Gm 
per liter 

Com sc — During fourteen weeks’ rest in bed in the hospital the patient made 
no improvement She was transferred to the oxygen chamber with the oxygen 
concentration at 45 per cent, where she remained for fifteen days, with increased 
comfort and diminished djspnea, but without disappearance of the edema At the 
end of this time, the o\ 3 'gen concentration was lowered to 30 per cent for twenty- 
four hours, and the patient was removed from the chamber During the follow- 
ing twenty-four hours she experienced increased dyspnea, lessened comfort and 
elevation of the pulse rate During the next three weeks her condition grew 
slowly w'orse, requiring three thoracenteses She then remained in about the same 
condition until discharged as a bed case, on December 2 She w'as last heard from 
in June, 1930, when she was “doing as well as could be expected ” 

This patient appealed to have had an active rheumatic myocarditis, 
accompanied by constant fevei She was more comfortable in the oxygen 
chamber, with lessened dyspnea and orthopnea When she was m an 
atmosphere containing a high degree of oxygen, although there was no 
noteworthy diminution in the edema of the legs, she did not requiie 
thoracentesis, whereas after she left the chamber thoracentesis was 
leqaiied at almost weekly mteivals 

Case 5 — Histoiy — I B, a white woman, aged 32, was admitted to 
the hospital on Sept 21 , 1929, with the diagnosis of cardiac insufficiency and 
hypertroph 3 ’^, chronic cardiac valvular disease, mitral stenosis and insufficiency, 
auricular fibrillation and acute rheumatic fever ’ Following an attack of pneu- 
monia twelve years before, the patient began to experience shortness of breath 
after exertion Two 3 ears later, she had rheumatic fever with swollen joints 
For the five years before admission there had been symptoms of progressive 
decompensation For five weeks she had suffered from increasing dyspnea, pain in 
the chest and swelling of both legs 

Physical Examination — The patient had deep red cheeks, and marked cyanosis 
of the bps and nail-beds, she was in great distress, being very dyspneic and 
prostrated The heart was enormously enlarged, the left border could be felt m 
the anterior axillary line The rate at the apex was 140, that at the wrist, 80 
The first sound at the apex was replaced by a loud, metallic, systolic blowing 
murmur, followed bj' a soft diastolic murmur The blood pressure was 150 
S 3 ’’stolic and 80 diastolic Examination of the abdomen showed a large, tender, 
pulsating liver palpable at the umbilicus Numerous crackling rales were heard 
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over both sides of the chest posterior^’- There was marked edema of the sacrum 
and the legs Examination of the blood revealed red blood cells, 6,740,000, and 
liemoglobm, 145 per cent The temperature ranged between 100 and 102 F A 
culture of the blood was sterile 

Couise — On September 26, after five days of routine treatment in the ward 
had produced no improvement, the patient was put m an oxygen chamber, m 
which the concentration of oxygen was 21 per cent, after eighteen hours there 
was no relief Oxj'^gen concentration was then increased to 45 per cent and was 
maintained at that level for seventeen days After the increase in atmospheric 
oxj^gen, the patient was subjectively very much improved Her breathing became 
quiet, vith little dyspnea, and the cyanosis was much diminished No effect was 
noticed on the urinary output, the size of the liver or the edema of the extremities 
in three da 3 '^s the hemoglobin decreased to 125 per cent, and the red blood cells to 
5,560,000, in six days the former was 110 per cent and the latter, 5,460,000 At the 
end of seventeen days, the oxygen concentration was lowered to 21 per cent in six 
hours, and the patient was removed to the ward She became worse almost at once, 
with profound cyanosis, sweating and dyspnea She grew progressively weaker 
and more prostrated The pulse rate was very faint The systolic pressure was 
90, and the diastolic could not be counted She voided no urine, and none was 
obtained from the bladder on catheterization She was apparently in a state of 
shock Tiventy-four hours after she had been moved to the ward, she was 
returned to the oxygen chamber , improvement was noticed almost at once, with 
increased strength, easier respiration and better color After four hours her blood 
pressure was 120 systolic and 73 diastolic She voided 125 cc of urine at about 
the same time On the following daj’-, she voided 1,000 cc of urine At the end 
of three days, her condition approximated that present before her removal from 
the oxj’^gen chamber On October 26, after seven more days in the oxygen 
chamber, the percentage of oxygen was gradually reduced, and on October 29, 
she was returned to the ward She held her own fairly well for a while, receiving 
oxygen by nasal catheter, but then failed rapidly, and died on November 24 

Case 6 — Hisfoiy — J Sr, a white man, aged 54, was admitted to the 
hospital on May 25, 1929, with the diagnosis of cardiac insufficiency, chronic 
cardiac valvular disease, mitral stenosis and insufficiency and auricular fibrillation 
For the four years before admission the patient had complained of gradual increase 
of breathlessness on exertion, wnth swelling of the abdomen and slight edema of 
the ankles He had been in another hospital eight months previously with decom- 
pensation, and had been discharged after an eight months’ stay The present attack 
of dyspnea and the appearance of some edema had begun three weeks before 
admission 

Physical Exammaiion — The patient was slightly dyspneic and moderately 
cjanotic, but he had no orthopnea, even when he was lying flat in bed The heart 
was enlarged 13 5 cm to the left in the sixth space, and was slowly fibnllating, 
with a low sjstohc and soft diastolic murmur at the apex The blood pressure 
was 118 sjstolic and 94 diastolic The liver was palpable at the umbilicus There 
was slight edema of the extremities The basal metabolic rate ranged from -1- 2 
to -f- 9 per cent, and the vital capacity was 3,300 cc The W assermann reaction of 
the blood was negatne The blood urea was 022 Gm per liter 

Com sc — The patient was kept at rest in bed in the hospital for three months 
The edema disappeared during the first week, and he improved slowly and was 
up an hour a day in a chair He was transferred to the oxygen chamber on 
July 31, m the hope that further improvement m his cardiac reserve could be 
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obtained During the first r\eek in the chamber, with the oxj^gen concentration of 
the atmosphere at 21 per cent, there was no significant change The vital capacity 
dropped gradually to 2,790 cc The oxygen concentration was then increased to 
45 per cent without any improi ement m the patient’s condition The vital capacity 
■was 2,620 cc While the patient was in the chamber, a cold with a cough developed, 
and he felt iiorse for several dajs Respiration became wheezing, and the lungs 
were filled with sibilant rales After eight days in the chamber with the oxvgen 
concentration at 45 per cent, the patient was returned to the ward Two davs later 
his Mtal capacity was 2,720 cc He remained in the hospital for three months after 
remoial from the oxjgen chamber, w'lthout change in his condition When treat- 
ment with oxj'gen w'as begun the patient had no edema He had moderate 
cyanosis, venous in origin, wdiich was not greatly diminished in the oxygen 
chamber 

Thereafter, the disease ran a long course while the patient was in the hospital, 
and there w'ere several pulmonary infarcts He was finally discharged as a bed 
case on November 9 He died at home on Feb 13, 1930 

Ca.se 7 — Histoiy — A S, a white girl, aged 13, was admitted to the 
hospital on March 7, 1930, with the diagnosis of cardiac insufficiency and hyper- 
troph%, congenital pulmonary stenosis, defect of the intraventricular septum, 
transposition of the great arterial trunks, hypertrophy of the right ventricle, 
patent ductus arteriosus and abscess of the brain w’lth rupture into the right 
lateral ^entrlcle Since the age of 3 years, the patient had been markedly cyanosed, 
and had suffered increasingly from dyspnea on exertion She had had recurrent 
attacks of pains in the joints Her fingers had been clubbed for at least five years 

Physical ExammaUon — Examination revealed a small, thin girl, lying quietly 
in bed, hyperpneic but not dyspneic There was extreme cyanosis of the skin and 
mucous membranes , the lips and tongue were almost black There was clubbing 
of the fingers and toes The heart was moderately enlarged, with a systolic shock 
at the apex, a thrill over the third and fourth left interspaces, and double mur- 
murs at the apex and base The second pulmonic sound w'as sharply accentuated 
The liver and spleen were not felt There was no peripheral edema Examina- 
tion of the blood showed red cells, 10,900,000, and hemoglobin, 160 per cent The 
Wassermann reaction of the blood was negative 

Contse — The patient w'as able to walk about the Avards Avithout discomfort 
Mter three Aveeks, she AAas transferred to the oxygen chamber in Avhich the 
atmosphere contained 45 per cent ox>gen, and Avas there for four days No sig- 
nificant change m her clinical condition AA'as noted She AA'as discharged from the 
hospital on April 6 On ]\Iay 7 she Avas readmitted, Avith a progressive paralysis 
of the left side, and she died on Maj' 12 The postmortem observations are indi- 
cated in the foregoing diagnosis 

Case S — Histoiy — I S a Avhite man, aged 29, a salesman, Avas admitted to 
the hospital on April 28, 1930, Avith the diagnosis of far advanced chronic 
pulmonarA tuberculosis , the upper lobe of the right lung shoA' ed an excavation 
Right phrenicectomy had been performed The patient had complained of cough 
for tAAo A ears and he had had three pulmonary hemorrhages during the year 
before admission Nine months before, dyspnea on exertion des^eloped , the patient 
lost AA eight and more sputum Avas raised He entered Bellevue Hospital on 
Tan 1, 1930, and AA'as under treatment there for fiA'e months He Avas found to 
haAC adianced tuberculosis, AAith a large caAity in the right lung During the next 
two months, artificial pneumothorax AAas performed by successive injections of 
air but this Aias discontinued following reneiAed hemoptjsis On March 11 right 
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phrenicectomy was performed, two weeks later, a roentgenogram of the lung 
shoA\ed that the cavity had diminished one-half and the patient’s general condition 
was slightl}- improved He was transferred to the Presbyterian Hospital for treat- 
ment in the 0 x 3 gen chamber 

Physical Examination — The patient appeared chronically ill, poorb nourished, 
cyanotic, dyspneic and orthopneic, and he w^as suffering from vjolent spasms of 
slightly productive cough There was moderate C 3 anosis of the lips and mucous 
membranes On the left side of the chest there were harsh breath sounds o^er 
the midlung, wnth many moist rales , on the right, flatness at the base of the 
lung (relaxed diaphragm), scattered moist rales wnth dulness o\er the upper lobe 
and an area of amphoric breathing anteiiorl} The heart was not enlarged, the 
sounds were rapid and loud The patient w'eighed 100 pounds (45 4 Kg ) 
Examination of the blood revealed red cells, 6,340,000, and hemoglobin, 121 per 
cent (Sahli) The blood urea w'as 0 21 Gm per liter Urinalysis gave negative 
results On several occasions, examination of the sputum was positive for tuber- 
culosis A roentgenogram show'ed dense infiltration o\er the upper lobe of the 
right lung, with a cavit 3 " at the apex, and fresh infiltration in the left lung 

Couise — The patient was in the oxygen chamber throughout his sta}'^ of eleven 
weeks in the hospital During the first week the 0 x 3 gen m the atmosphere was 
kept at 21 per cent The patient was greatly exhausted by a racking cough His 
appetite was poor, and he ^omlted frequently The oxygen was then raised to 
from 45 to 50 per cent and w'as maintained at that level The cyanosis cleared up 
almost at once and did not recur During the succeeding w'eeks, clinically, there 
seemed to be a slow but definite improvement There were less cough and less 
dyspnea, the patient was not orthopneic, and he gained 4 pounds (18 Kg ) The 
red blood cells decreased from 6,340,000 to 5,400,000, and the hemoglobin from 
121 to 95 per cent The vital capacity decreased from 1,500 cc to 1,000 cc There 
were fewer rales in the lungs A roentgenogram showed that there were no 
marked changes m the lungs During the week of May 26 to June 1, the patient 
had several small hemoptyses Throughout his stay in the hospital his tempera- 
ture remained between 99 and 100 F During the last five days (from July 10 to 
14) the oxygen was gradually reduced in the chamber to atmospheric level, and 
the temperature raised, there w'ere no untoward s 3 mptoms, and on Jtily 15, he 
w^as again transferred to the Bellevue Hospital 
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RlIEUMAI’ROBLEMn GeSAMMELTE VoRTRAGE GEIIALTEN AUS DEM II ARTZE- 
KURSus DES Riieuma-Forschungs Instituts am Landesbad der Ruein- 
PROVINZ IM Aachen Volume 2 Price, 12 marks Pp 176 Leipzig 
Georg Thieme, 1931 

This volume contains lectuies on chronic rheumatism given to physicians 
The pathogenesis and clinical manifestations of chronic diseases of the joints 
are discussed by Prof Herbert Assman of Leipzig He considers the two types 
of chronic arthiitis — infectious and ostcarthritis — and logically advises that as 
ostearthritis is not infective, the better teini is ostcarthiosis 

Prof Richard Birling of Fiankfort discusses experimental infective artliiitis 
He supports the generally accepted view that chronic infective arthritis, as found 
in man, has not been reproduced experimentally He relates in detail the changes 
in the joints observed m horses used for the preparation of diphtheiia antitoxin 
Roentgenograms of acute and subacute joint inflammation aie presented by Prof 
Gottfried Boehm of Munich The inflammation of joints associated with acute 
infection is discussed in detail 

Prof Christian Bruhn of Dusscldorf piesents a complete chapter on the impor- 
tance of stomatologieal studies and their possible relation to chionic rheumatism 
The difteiential diagnosis of rheumatism fiom certain other diseases in children 
IS discussed by Prof Albert Eckstein of Dusseldorf This chapter is well illus- 
trated by roentgenograms 

Prof Anton Fischer of Aix-la-Chapelle stresses the importance of medical 
experts in national health insurance in order to secure a proper diagnosis and 
prognosis in the various disturbances of the joints 

Ihe chapter on the influence of theiapeutic mcasuies on infectious arthiitis 
bj Dr Heinz Gehlen of Aix-la-Chapelle deals chiefly with the teeth and tonsils 
as foci of infection and the therapeutic value of their removal 

The doctrine of focal infection in rheumatic diseases given by Prof Siegfried 
Graff (Hamburg) is presented, as the authoi states, from a theoretical standpoint 
He discuses the etiology of ihcumatism, or at least the symptom complex that is 
referred to as rheumatism 

So-called rheumatism of the spine is presented by Dr Walter Krebs of Aix-la- 
Chapellc Following the present conception, he considers two types spondyl- 
arthritis ankylopoictica, synonymous with the “poker spine” in the American litera- 
ture, and spondylitis deformans, synonymous with osleai thiitis The former 
he attributes to an infection, the latter, to acute tiauma oi oveiuse 

There is a brief chapter on the heait and chionic rheumatism by Prof Franz 
Kulbs (Cologne) 

Dr Stephan Loewe (Breslau), consultant to a dental institute for the treatment 
of patients carrying social insuiance, which includes dental care, is optimistic 
over the value of removing dental infection m chronic rheumatism 

The picsent state of knowledge legaiding the etiology of infectious rheumatism 
IS reviewed bv Prof Paul Mantcufel (Dusseldorf) He gnes a complete review 
of the literature, stating that in Germanv the question of a specific rheumatic 
virus IS treated m a “stepmotherly manner ” Fie questions the probability of a 
specific micro-organism This chapter is excellent 

Prof Walther Muller (Konigsbuig) discusses the biologic basis of disturbances 
of the joints 

Nutrition and nutritioinl disturbance and their relation to so-called rheumatism 
are presented bj Prof liermann Strauss (Berlin) He takes up calcium, phos- 
phorus, nitrogen and sugar metabolism md the relation of obesity to ostearthritis 
He also discusses the basis of \arious dietary procedures 



BOOK REVIEWS 


349 


The endocnne glands and diseases of the joints are discussed in detail by Prof 
S J Thannhauser (Freiberg) He also reviews the literature on the role of 
the endocrmes in Perthes’, Kohler’s and Kienbock’s diseases This chapter is 
profusely illustrated 

These discussions have been prepared with great care The literature is 
thoroughly reviewed, and, m addition, personal experience is recorded The refer- 
ences in the bibliography will be of great assistance to those w'ho wish to studv 
the sources of information This volume is a valuable addition to the literature 
or chronic diseases of the joints 

Textbook of Surgerv By Johx Homaxs Price, §9 Springfield, 111 
Charles C Thomas, 1931 

This IS a well bound volume of nearly 1,200 pages, evidently intended as a 
student’s textbook in surgery There are more than 500 illustrations, mostly of 
a schematic sort, but w'hich amply demonstrate the points intended It is a rather 
ambitious attempt to cover not only the field of general surgery, but all of the 
surgical specialties as well, including ophthalmology, otolaryngology, gynecology 
and urology' 

The work is assembled m rather an original manner, being compiled from 
either the lecture notes or the complete written lectures of various raemoers of 
the department of surgery of Harvard Medical College, and therefore represents 
the collaboration of an extremely prominent group of specialists Dr Homans 
says in the introduction that the material with which he worked w'as exceedingly 
varied , some of it consisted of rather sketchy lecture notes which he amplified into 
the text, w'hile some of it was received with the text nearly as it is printed 

The w'ork is decidedly provocative, and the rev lewer cannot help being impressed 
with the refreshing newness of the manner of presentation as well as with a number 
of glaring faults The style is breezy and makes entertaining reading, being 
practical in the extreme All unnecessary classifications are left out, and the 
all too brief descriptions of diseases and their treatment make a lasting impression 
on the reader's mind because of the often colloquial English in which they are 
couched Even the names of conditions are at times withheld (as in carcinoids of 
the appendix), although a number of lines are devoted to a description of the 
condition 

The routine treatment of many surgical diseases has been handed down from 
one textbook to another, even compiled for generations, and m that sense this 
work represents a decided advance, because it is based on the extraction of 
real medicine from the material presented to students and probably' not so much 
on the diseases and complications from other textbooks For that reason the 
more common conditions receive their share of emphasis, often at the expense of 
certain rarer diseases and complications One cannot help feeling that a student 
who has studied this work caiefully would probably not stand high m a com- 
petitive examination, but would make an eminently practical physician 

Many of the statements made in the book would seem, in the opinion of some 
surgeons at least to be categorically wrong This is especially true of the choice 
of treatment, as in the majority of cases the author attempted to tell the student 
only the best treatment, and such matters are often open to discussion An 
example is the entire omission of Sayre’s dressing as a treatment for a fractured 
clavicle, or the statement that the worsted truss will cure infantile hernia, whereas 
m the opinion of most students of hernia, it is worthless , also, the statement that 
most retroperitoneal tumors are inoperable is untrue Such criticisms could be 
multiplied almost indefinitely', but the reviewer feels that this should not prevent 
a wide adoption of the book as a surgical textbook on account of its many 
advantages 

One of the interesting features of the book is the author’s contribution to 
medical history Nearly every appliance, disease or treatment for disease is 
traced back to its original source, and, as a consequence, the amount of historical 
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material presented is trulj’- astounding In many cases, also, this is offered in 
such a way that it has a direct bearing on the treatment and diagnosis and therefore 
does not represent something more for the student to learn 

Clinical Diagnosis bv Laboratory AIethods By James Campbell Todd, 
Ph B , AI D , Late Professor of Clinical Pathology, University of Colorado 
School of Medicine, and Arthur Hawley Sanford, AM, M D , Professor 
of Clinical Pathology, University of Minnesota (Mayo Foundation) , Head 
of Section on Clinical Laboratories, Alayo Clinic Seventh edition, thoroughly 
rcMsed Cloth Price, $6 Pp 765, wnth 347 illustrations, 29 m color 
Philadelphia W B Saunders Company, 1931 

This text, now published m the seventh edition with Sanford as co-author, has 
lor man} years served a useful purpose in courses of laborator} instruction as a 
text and in clinical laboratories as a guide It ranks with other American texts, such 
as that of Cummer, in the choice and extent of material presented The eleven 
chapters, exclusive of the introductory paragraphs on the use of the microscope, 
cover adequately routine examinations of the sputum, the urine, the blood, the 
gastric and duodenal contents, the feces, certain animal parasites, exudates and 
tissue fluids, miscellaneous examinations, serologic methods, bacteriologic technic 
and vaccines and biologic tests of the skin A short appendix is devoted to instruc- 
tions of a general character, including the pieparation of solutions The subject 
material is well organized and meets adequately the demands of a text for students 
and of a guide for clinical laboratories 

Through the Alimentary Canal with Gun and Camera. A Fascinating 
Trip to the Interior Personally conducted by George S Chappell 
Introduction by Robert Benchley Cloth Price, $2 Pp 231, with illustra- 
tions New York Frederick A Stokes Company, 1930 

Dr Walter Traprock, author of the famous “Traprock Trilogy,” herein presents 
an amusing, farcical tale of an excursion through the human alimentary tract as 
far as the colon and return The return journey is equally humorous, but is 
decidedly more perilous in every respect “The Calomels Are Coming” is the theme 
song The illustrations are cleverly adapted to the text and add greatly to the 
enjojment of the book, which is ivorth a few hours of anybody’s time 
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EXOPHTHALMIC GOITER 

THE DEVELOPMENT OF REFRACTORINESS TO IODINE ’ 
WILLARD OWEN THOMPSON, MD 

AND 

PHEBE K THOMPSON, MD 

CHICAGO 

Soon aftei the tieatment foi exophthalmic goitei with iodine became 
geneial, it was lecognized that dining piolonged administiation the 
basal metabolism often lose markedly aftei an initial drop, in associa- 
tion with an inciease in the severity of the disease Nevertheless, 
the impiession has prevailed that as long as iodine is being given m 
excess the peculiar neivous manifestations of exophthalmic goiter aie 
completely undei contiol, legaidless of what happens to the late of 
the basal metabolism ^ Certain observations that "we have made suggest 
that this may not always be the case 

During the continuous administiation of iodine in the following 
case, the patient, aftei initially showing a maiked i espouse to the 
administiation of about 6 mg (1 drop of the compound solution") 

' Submitted for publication, Dec 23, 1930 
From the Thyroid Clinic and Metabolism Laboratory, Massachusetts Gen- 
eral Hospital, Boston, the Department of Medicine, Rush Medical College and the 
Presbyterian Hospital, Chicago 

1 This appears to be largely the result of a lather general acceptance of 

Plummer’s ingenious liypothesis Plummer said “Lugol’s solution controls only 
the abnormal product We have not seen that phase of the exophthalmic 

goiter picture which we attribute to the abnormal product become more marked 
while the patient was on Lugol’s solution Theory and experience seem to indicate 
that the amount of the normal product sometimes increases when the patient is 
taking iodine” (Plummer, H S , in discussion of Mason, E H Iodine Therapy 
in Toxic Goitre, Tr A Am Physicians 39 167, 1924) Elsewhere he said “Is 
the control of that part of the complex attributed to an abnormal product absolute^ 
In other words, will the administration of Lugol’s solution in cases of exophthal- 
mic goiter in amounts somewhere between 10 and 40 minims daily from the incep- 
tion of the disease ever be followed by the characteristic complex even though 
hyperthyroidism becomes intense^ That the evidence warrants seriously consider- 
ing an affirmative answer is significant” (Mayo, C H , and Plummer, H S The 
Thyroid Gland, St Louis, C V Mosby Company, 1926, part 2, p 77) 

2 We have previously shown that this is roughly the minimum dose of iodine 
that will produce a maximum reduction in the rate of basal metabolism in most 
cases of exophthalmic goiter that occur m Boston (Thompson, W O , Brailey, 
A G , and Thompson, P K The Effective Range of Iodine Dosage in Exophthal- 
mic Goiter Preliminary Report, J A M A 91 1719 (Dec 1) 1928 Thompson, 
W O , Brailey A G , Thompson, P K, and Thorp, E G The Range of 
Effective Iodine Dosage in Exophthalmic Goiter I The Effect on Basal Metabo- 
lism of Rest and of the Daily Administration of One Drop of Compound Solu- 
tion of Iodine Arch Int kled 45 261 [Feb ] 1930) 
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dail}, slowly became completel} lefiactoiy to this dose, both fiom 
the standpoint of basal metabolism and fiom that of signs and S}mp- 
toms Exophthalmos first appeared as lefiactoimess developed 

REPORT or c \sns 

Case 1 — The patient, Miss A P (chart 1), an unmarried Nova Scotian 
girl, aged 21, entered the Massachusetts General Hospital, on June 15, 1927, with 
a shghtb' atj'pical case of exophthalmic goiter There were no ocular signs, and the 
intelligence was perhaps slightly below the average In spite of this, however, the 
patient was unusually cooperative It was decided by the medical service concerned 
to determine the accuracy of the diagnosis by various manipulations of iodine ther- 
ap}”^ before proceeding with surgical intervention The only basal metabolism test 
performed before the beginning of iodine therapy was done in the outpatient depart- 
ment on June 7, and gave a result of -f-69 per cent During rest in bed and the 
administration of compound solution of iodine, the metabolic rate dropped to 
-f- 11 per cent The patient was discharged and iodine was omitted Within eight 
days the rate of metabolism had risen to -f-73 per cent and most of the character- 
istic signs and symptoms of exophthalmic goiter were present, except exophthal- 
mos Compound solution of iodine was again given in a dose of 1 drop daily, 
and within eight days the metabolism dropped to -1-27 per cent, and there was a 
striking clinical improvement Shortly afterward the dose was increased to IS 
drops dail)', and finally to 30 drops daily It seems that on the administration of 
30 drops the rate of metabolism dropped temporarily to a lower level than on 
the administration of 1 drop daily, although it quickly rose again to the former 
level After a total period of twenty-three days, the large doses were discontinued, 
and a dose of 1 drop was again employed daily On the administration of this 
dose the rate of metabolism slowly rose, and a gradual increase m the severity 
of the clinical signs and symptoms was associated with this rise Sixty-two days 
after this dose was started again, the rate was about -f-5S per cent At this point 
the dose was increased to 30 drops dail}" Within six days the rate dropped to 
about -}-35 per cent, and at the same time a slight clinical improvement associated 
with a gam in weight took place At the end of ten days the dose was increased 
to 90 drops daily and, during a period of one week, this did not produce significant 
further reduction in the metabolic rate or further clinical improvement A dose 
of 1 drop daily was then resumed, and the metabolism rose from a level of -f-33 
per cent on November 4 to a level of -J- 80 per cent on December 1 As the meta- 
bolic rate was thus rising, all of the signs and symptoms of the disease, including the 
emotional instabihtj, slowly became more intense, and b}' December 1 the disease 
w'as more severe than it had been previously Nervousness and irritability were 
marked The patient perspired profusely There was pronounced flushing of the 
skin, and the patient w'ept on slight provocation Two months before this, the 

3 Part of the data in cases 1 and 2 have been recorded elsewhere to illustrate 
other points (Thompson, Brailej, Thompson and Thorp [tootnote 2, second 
reference] Thompson, W O , Thompson, P K , Brailey, A G, and Cohen, 
A. C Prolonged Treatment of Exophthalmic Goiter b}’’ Iodine Alone, Arch 
Int Med 45 481 [April] 1930) 
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eyes first began to be somewhat prominent Iodine was omitted on December 1, and 
no significant change was noted either in the disease itself or in the metabolism 
until Jan 24, 1928 , Avhen a spontaneous reduction had occurred associated with a 
slight decrease m the severity of the disease On February 3, the administration of 
compound solution of iodine was started again in a dose of 1 drop daily By 
February 9 the rate of basal metabolism bad dropped from -f-65 per cent to a 
level of about +35 per cent There was no further reduction in the metabolic 
rate when the dose was increased to 10 drops daily Shortly afterward the patient 
was admitted to the hospital, where, m association with rest in bed, the rate of 
metabolism dropped to a level of about +20 per cent A subtotal thyroid- 
ectomy was performed on February 28 and was followed by an uneventful con- 
valescence 



Chart 1 (case 1) — The development of complete refractoriness to 1 drop of 
compound solution of iodine daily during its prolonged administration to a patient 
with exophthalmic goiter Its development was preceded by a well marked 
response to this dose and was followed by a well marked response to it after a 
period of omission of iodine The initial short period of lodimzation did not 
appear to be associated with the development of refractoriness, whereas the pro- 
longed administration ^^as In this and subsequent charts, black areas denote 
periods of treatment with compound solution of iodine, and the figures above 
them, the daily doses in drops, arrows, subtotal thyroidectomies, half arrows, 
hemithyroidectomies , H, a period of hospitalization The black line indicates the 
basal metabolic rate , the circle line, the weight in kilograms, and the dash line, the 
pulse rate 

The following case is similar to the first in that, during the con- 
tinuous administration of iodine, the patient showed an initial improve- 
ment, and then a giadual increase in the intensit}- of all of the signs 





354 


ARCHIVES OF INTERNAL MEDICINE 


and S}mptoms, including the peculiai nervous manifestations The 
e}es first began to increase in size as the basal metabolic late lose 
during the administration of iodine. Unlike the first case, howevei, 
the condition became only partially instead of completely lefractory 
to small doses (about 6 mg of iodine admmisteied daily) 

Case 2 — The patient, Mrs E H (chart 2), a married woman, aged 26, first 
came to the metabolism laboratory of the Massachusetts General Hospital on 
Oct 10, 1927, complaining chiefly of d 3 'spnea The rate of basal metabolism at 
that time was +22 per cent The catamenia had begun to be scanty, she had 
diarrhea and had lost 33 pounds (15 Kg ) There were no ocular signs The 
thyroid gland W'as firm and S3'inmetrically and moderately enlarged with a soft 



Chart 2 (case 2) — The development of partial refractoriness to 1 drop of 
compound solution of iodine daily during prolonged administration, and recovery 
from this refractoriness on the omission of iodine 


systolic bruit all o\er, most marked at the superior poles There was a fine tremor, 
and the skin w’as warm and moist The onset of the disease had apparently 
occurred ele\en months previously, and the goiter had been noticed six months 
before the patient came to the hospital It was decided to give iodine as a thera- 
peutic test While a metabolic level was being secured, the rate of basal metabo- 
lism rose to about + 50 per cent It remained at this level from October 26 
until No^ ember 7, wdien the administration of compound solution 6f iodine was 
started in a dose of 1 drop of a 20 per cent solution daih”^ This produced no 
change, except, perhaps, to make the th 3 'roid gland slightly larger and firmer On 
No\ ember 25, the dose was increased to 1 drop of the undiluted solution daily 
While this dose was being administered, the rate of metabolism dropped to +37 
per cent, and the patient felt less ner\ous and tired less easily On December 5, 
the dose of iodine w^as increased to 5 drops daily On the administration of this 





THOMPSON-THOMFSON— EXOPHTHALMIC GOITER 355 

dose the improvement was more marked, and the rate of metabolism dropped to 
+ 28 per cent On December 15, the dose was increased to 20 drops daily This did 
not produce a further reduction m the rate of basal metabolism or further clinical 
improvement The thyroid was much firmer and somewhat larger during the admin- 
istration of 30 drops daily than before the iodine therapy was begun, and the bruit 
had become less marked On December 22, the dose of iodine was reduced to 5 
drops daily On this dose the rate of basal metabolism rose to a level of -b48 
per cent The patient was more irritable, had more palpitation and complained of 
frontal headaches There was no reduction in the size or firmness of the thyroid, 
over which there was a faint bruit The latter was much less marked than before 
the use of iodine, although the rate of metabolism was the same On Jan 16, 1928, 
the dose of compound solution of iodine was reduced to 1 drop daily On this dose the 
rate of metabolism promptly rose to about 65 per cent, and the patient was more 
nervous, slept more poorly, had more frequent crying spells and more palpitation, 
fatigued more easily and perspired more profusely She had a marked tremor 
The thyroid continued to be very firm, but seemed slightly softer than it had been 
during the administration of 30 and 5 drops dailj' There was a faint bruit at 
the right superior pole For the first time, the eyes began to smart and water 
and to cause pain when she read They appeared somewhat full, but there was 
no definite hd lag At about this time the family began to notice that the eyes 
were more prominent than they had been On February 3 iodine was omitted, 
and the patient became still worse She had still more palpitation and dyspnea 
on the slightest exertion, and the diarrhea returned The thyroid continued to 
be firm for some time She was admitted to the hospital on February 17 
On February 18, it was noted that the right eye was larger than the left, and 
that there was a bilateral hd lag The patient was more ill than at any time 
since she had been under observation She thrashed about in bed She was 
emotionally unstable, extremely short of breath and perspired profusely She 
appeared washed out The goiter was even harder and firmer than before 
the administration of iodine was begun However, by February 23, it was noted 
that the thyroid was much softer than on admission By February 25 she had 
vomited several times The marked toxicity during this period was reflected in 
the rapid loss of weight With only rest in bed, the rate of metabolism dropped 
from -f 81 to -f- 58 per cent On February 29, the administration of compound 
solution of iodine was started in a dose of 1 drop daily By March 6 the rate 
of the metabolism had dropped to about -f 16 per cent The vomiting had stopped, 
the patient was much quieter, and the thyroid had again become firmer, although a 
soft systolic bruit persisted, which was more marked on the right than on the left 
On March 8, the dose was increased to 30 drops daily, but this produced no 
further reduction in the rate of basal metabolism, in fact the rate rose slightly 
on this dose A subtotal thyroidectomy was performed on March 15, 1928 The 
immediate convalescence was somewhat delayed by a pulmonary infection, but 
otherwise was uneventful Although the thyroidectomy was extensive, within 
about one month afterward, the basal metabolic rate rose to -}- 37 per cent, and 
the thyroid tissue had begun to regenerate However, up to the time we left 
Boston it had been possible to hold tins persistent thyrotoxicosis in check by the 
administration of iodine 

The following case is similai to the preceding one in that the 
condition became partially and not completely refractory to treatment 
with iodine (5 drops of the compound solution daily) Exophthalmos 
increased as the rate of metabolism rose during tlie administration of 
iodine 
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C^SE 3— The patient, Mrs E (chart 3), a married woman, aged 34, was 
admitted to the outpatient department of the Massachusetts General Hospital on 
Dec 27, 1928, \\ith a t 3 pical case of exophthalmic goiter There was well marked 
exophthalmos, lid lag, tremor and marked emotional and vasomotor instability 
(particularly for the preceding six months) For three years the thyroid gland 
had been diffusely enlarged, and there was a bruit over it During the adminis- 
tration of 1 drop of compound solution of iodine daily the rate of the basal 
metabolism dropped from a level of -f 45 iier cent on Jan 15, 1929, to + 19 per cent 
on January 22, and a marked clinical improvement was noted Slight reduction in 
exophthalmos had occurred by February 12 The thyroid gland, which was soft 
before the administration of iodine, became hard and firm The administration of 



Chart 3 (case 3) — The development of partial refractoriness to 5 drops of 
compound solution of iodine daily during the prolonged administration of iodine, 
and reco\ery from this refractoriness on the omission of iodine X denotes 
roentgen treatment 


iodine uas continued, and by about February 26 the rate of basal metabolism 
had begun to rise Increasing the dose of iodine about one month later to 5 drops 
of the compound solution daily did not appear to prevent a further rise By 
March 21, when the basal metabolism was 39 per cent, the patient was more 
ner\ous and irritable than she had been, but not as much so as before treatment 
with iodine was begun By April 2, 1929, the rate of basal metabolism had 
risen to -j- 57 per cent and the patient was much wmrse She was unable to sit 

4 Part of the data on this patient has been recorded elsewhere to illustrate 
another point (Thompson, Thompson, Brailey and Cohen [footnote 3, second 
reference]) 
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still, she was more nervous, she perspired more profusely, and she was more 
emotionally unstable than she had been previously The right eye had again 
increased in size lilost of the time she was depressed, frightened and very 
suspicious The thyroid gland had become %ery hard Having already had experi- 
ence \Mth such cases, we decided to omit treatment with iodine for a period before 
proceeding with surgical intervention This was done on April 12, and the rate 
of metabolism rose about 20 points during the next thirteen days to a level of 
about -P 75 per cent, and the disease became still more severe The thyroid gland 
slowly became softer again The subsequent course of the disease was com- 
plicated by the fact that the patient was given three roentgen treatments (at her 
request), which were followed by a slight clinical improvement but no significant 
change in the basal metabolic rate After an interval of fifty days, iodine was 
readministered, first m a dose of 1 drop of the compound solution daily and then 
in a dose of 10 drops daily This produced a reduction in the rate of basal metabo- 
lism from -f 69 per cent to -f 21 per cent and an improvement in the disease 
A subtotal thyroidectomy, performed shortly afterward, was followed by onljr a 
slight reaction, and the patient made an uneventful recovery 

The following patient, who had a seveie case of exophthalmic 
goiter, was apparently lefractoiy to iodine (250 mg daily) on admis- 
sion to the hospital, after taking the compound solution continuously 
for one month Owing to a rapid pulse rate at the time of the first 
appeal ance m the opeiating room, the surgeon did only a bilateral 
ligation of the supeiior thyroid arteiies A subtotal thyi oidectomy 
was pel formed about eleven weeks later Each operation was preceded 
by a peiiod of omission of iodine theiapy Judging by the uneventful 
convalescence fiom each opeiation and from the course of the basal 
metabolism, it is piobable that a subtotal thyroidectomy could have 
been done the fiist tune the patient was taken to the opeiating room, 
although at the time the alternative decision seemed wisei 

Case 4 — The patient, Mrs A ^ (chart 4), a married woman, aged 23, was 
admitted to the Woodyatt service of the Presbyterian Hospital on March 17, 1930, 
complaining of nervousness of three years’ duration and of fatigability, profuse 
perspiration, generalized itching, loss of weight, increased appetite, weakness, 
increased thirst, polyuria, palpitation, irritability and scantiness of menstruation 
of three months’ duration The patient was restless and constantly moved about 
Loud laughter alternated with profuse weeping There was a well marked tremor 
of the extended fingers There was puffiness of the upper and lower eyelids and 
a stare, but no lid lag The thyroid was hard and firm, and there was no bruit 
over it At the time of admission, the patient had been given 30 drops of com- 
pound solution of iodine daily for about a month, and the metabolic rate was -j- 110 
per cent Feeling that this indicated that the condition was refractory to iodine, 
this medicine was omitted on the day of admission In spite of this, the rate of 
basal metabolism dropped to a lev^el of about 80 per cent, except for a slight 
temporary rise associated with menstruation (the only menstrual period while the 
patient was in the hospital) By March 24 the thyroid had become fairly soft, 
and by March 31 it had become still softer and had decreased to half its pi evious 
size A systolic bruit was present all over, most marked at the superior poles 
There was no increase m the emotional mstabihtv and no increase in the size of 



358 


ARCHIVES OF INTERNAL MEDICINE 


the ejes On March 31 the administration of compound solution of iodine was 
started in a dose of 10 minims (0 6 cc ) three times daily The rate of basal 
metabolism dropped to a level of about +55 per cent by April 7 After the 
administration of iodine the thyroid again began to increase in size By April 4 
It i\as nearly tivice its size on March 31, but it did not become hard until April 
10 In association with the drop m metabolism, the signs and symptoms of the 
disease decreased, but they did not disappear, as shown by the following note of 
April 11 “All the sjmptoms of the disease persist m a somewhat subdued 
form and the patient should be operated on either at once or after a more 
prolonged period of omission of iodine She is by no means the best operative risk, 
but will not become better so long as iodine is continued ” The patient was taken 
to a surgical clinic for operation on the morning of April 14 While waiting for 
the anesthesia to be started, she became somewhat nervous and the pulse rate rose 
to 176 It did not quiet down under ethylene so Dr Bevan performed only a 



Chart 4 (case 4) — A patient in whom the condition was apparently completely 
refractor} to the administration of 30 drops of compound solution of iodine 
daily on admission to the hospital after having taken this dose for one month 
Partial recovery from refractoriness during a short period of omission of iodine 
The small arrow denotes bilateral ligation of the superior thyroid arteries 


bilateral ligation of the superior thyroid arteries and removed an enlarged cervical 
lymph gland, which was reported to be normal The postoperative convalescence 
was uneventful Following operation the rate of basal metabolism did not 
change appreciablv until after iodine was omitted on May 8 It then rose within 
fourteen days to a level of from + 70 to + 80 per cent, accompanied by a decrease 
in the size and firmness of the thyroid gland and (by May 15) an increase in 
perspiration, nervousness, emotional instability and the other signs and symptoms 
of the disease, except exophthalmos Compound solution of iodine was readminis- 
tered on June 6, 1930, in a dose of 10 minims three times daily On the administra- 
tion of this dose, the rate of the metabolism dropped to a level of about + 50 per 
cent by June 18, and the patient felt much better than during the preceding 
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administration of iodine, in spite of the fact that the rate of metabolism was not 
significantly lower A subtotal thyroidectomy was performed by Dr Bevan on 
June 30, and \vas followed by an uneventful convalescence The highest post- 
operative temperature was 101 5 F , and vomiting had ceased within tw'cnty hours 

The gam in weight of 40 pounds (18 1 Kg ) preceding thyroidectomy, part of 
ivhich occurred during the second period of the omission of treatment with iodine 
was the result of the excessive caloric intake (about 5,000 calories most of the 
time) The excellent physical condition of the patient thus produced, may have 
been a factor in the uneventful convalescence, as the rate of basal metabolism was 
as low before the second omission of treatment with iodine as after it was read- 
mmistered 

Pathologically, the thyroid gland showed changes characteristic of exophthalmic 
goiter 

Unlike the four preceding cases, operation was performed in the 
foIIoAving case when the rate of metabolism was using rapidly during 
the administiation of iodine The patient’s death from a typical thyroid 
Cl ISIS about forty hours later stands out in sti iking contrast to the 
uneventful recoveries in the other cases and illustrates the danger of 
opeiation at such a time This case was similar to the first Ihiee cases 
111 that the peculiai nervous manifestations of exophthalmic goiter, 
including exophthalmos, became worse as the late of metabolism rose 
duimg the administration of iodine It differed fiom the other cases 
in that this rise occuried much sooner after the initial improvement, 
duimg the administiation of much larger doses of iodine, and was 
much more rapid, and in that the patient had acute iheumatic fever as 
well as exophthalmic goiter 

Case 5 — The patient, Mr H E (chart 5), an American laborer, aged 20, 
single, entered the Massachusetts General Hospital on June 12, 1929, with a typical 
case of exophthalmic goiter of about seven months’ duration The case was com- 
plicated by acute rheumatic fever that had started one week before admission In 
spite of the presence of this acute inflammation, he drove by motor car from his 
home to the hospital, a distance of 112 miles On admission the patient w'as 
nervous and feverish, and Ins skin was warm and moist He had marked exophthal- 
mos, a bilateral lid lag and poor convergence The thyroid gland showed a %vell 
marked symmetrical enlargement with a thrill and a marked bruit over it There 
was a marked tremor of the fingers The heart was enlarged to the left, and 
there w^as a presystolic thrill and a rough systolic murmur at the apex and an 
accentuated pulmonary second sound The right shoulder and left knee were 
painful on motion, and the left ankle was sw'dlen, warm and tender The day 
after admission there was a to-and-fro frictional rub over the base of the heart, 
muffled sounds at the apex and well marked enlargement The administration of 

5 It W'as decided that this case should be reported in the “Case Records of 
the Massachusetts General Hospital” from the standpoint of the combination of 
rheumatic fever and exophthalmic goiter m the same patient (Mallory, T B , 
i^Ieans, J H , and Young, E L Exophthalmic Goiter and Acute Rheumatic 
Fe\er, Case no 15472, New' England J Med 201 1056, 1929), and that w'e should 
report it from the standpoint of refractoriness 
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salicj'lates was begun on the day of admission, and the next day the administration 
of a compound solution of iodine was started and continued daily thereafter in large 
doses The exophthalmic goiter and the rheumatic fever slowly improved, and 
the temperature dropped from 103 3 F on admission to normal by June 18 and 
remained practically normal until after operation Owing to the serious condition 
of the patient, no attempt was made to determine the metabolic rate until he had 
improved The first basal metabolic rate of + 40 per cent obtained on June 21, 



Chart 5 (case 5) — Rapid development of refractoriness to 30 minims of 
compound solution of iodine administered daily following a short period of 
improiement A hemithyroidectomy performed during the period of rising 
metabolism was followed by a typical thyroid crisis and death in forty hours 
Dotted arroiv denotes attempt at operation 

therefore represents the le\el to ivliich iodine reduced it, and judging from the 
clinical improiement during the administration of iodine the rate of basal metabo- 
lism on admission w’as probabh much higher The metabolism remained at this 
le\el until June 28, and, during this time, the clinical improvement in the patient 
was striking, although the w'eight decreased slightly Unfortunately, it w'as felt 
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that the patient should not be operated on until sodium salicylate had been 
omitted long enough to see whether the rheumatic fever was still active This was 
not done until July 5 In the meantime, the basal metabolic rate had risen by 
July 3 to + 54 per cent, and there was an exaggeration of symptoms , i e , he was 
more nervous and restless and had a wulder look in his eyes By July 5, the rate 
of metabolism had risen still further to + 76 per cent, and the signs and symp- 
toms of exophthalmic goiter were still more exaggerated It W'as decided that 
operation should be performed at once, and the administration of sodium salicylate 
accordingly was started again on July 6 after ha\ing been omitted for only twenty- 
four hours On July 7 the patient w'as prepared for operation in the usual 
manner, but on arrival in the operating room the condition was so serious that 
operation was postponed The pulse rate w'as 180 -f, and the patient was extremely 
nervous and tossed about incessantly He stated that he was not especially w’orned 
about the operation and that he w'as unable to account for his nervousness He 
W'as kept as quiet as possible, and operation was again attempted on July 11 A 
right hemithyroidectomv w'as performed in thirty-five minutes It w'as thought 
that he stood the operation fairly well, and his condition was said to be reason- 
ably satisfactory when he returned to the ward A few hours after operation, 
however, the temperature was 102 F bj' mouth and later 103 F by rectum That 
night it was 105 3 F by rectum, and it remained at about this level until he died 
at 12 01 a m , on July 13 The pulse rate corresponded with the temperature, and 
after he returned from the operating room it slowly rose from 100 to 153 The 
next morning it was from 120 to 140 and slowdy rose until it was over 200 shorth 
before death Following operation he became extremely nervous , he perspired 
profusely, and he w'as cyanotic and thrashed about in bed Putting the patient in 
an oxygen tent reduced the cyanosis slightly A few' hours before death he 
became irrational Compound solution of iodine was given in large quantities bj 
rectal taps after operation , physiologic solution of sodium chloride w'as given intra- 
venously, by rectum and subpectorally, and dextrose was given intravenously and 
by rectum The patient also took a considerable quantit} of W'ater and some iodine 
by mouth 

The mass of thyroid tissue removed at operation weighed 104 5 Gm and on 
microscopic examination the acini showed “considerable variation in size, the 
majority being large but only partially distended with colloid” They were 
“lined by high columnar epithelium showing numerous papillary projections ” At 
autopsy, the thymus weighed 28 Gm , the mesenteric lymph glands and the spleen 
w'ere slightly enlarged, and the heart showed a healing fibrinous pericarditis slight 
fibrous thickening and numerous small translucent granules about the edges of 
the mitral valve The lungs show'ed passive congestion, but evidence of pneu- 
monia was not present 

In this patient, as m the preceding four, the thyroid gland became much firmer 
W'hen iodine was administered than it was before, and, as m the first three cases, 
this firmness persisted when the rate of basal metabolism rose during the adminis- 
tration of iodine 

It might be aigued that in this patient the basal metabolic late 
began to rise onl}' when the dose of the compound solution was reduced 
fiom 15 minims (0 9 cc ) daih' to 5 minims (0 3 cc ) daily Because 
of the small dose of iodine that will produce a maximum effect in 
exophthalmic goiter it seems unlikely that this reduction was respon- 
sible for the increase in the rate of basal metabolism Moreover the 
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patient lecened 30 minims (18 cc ) daily for five days just befoie 
operation, without clinical improvement, and larger doses immediately 
aftei operation 

The following data are lecoided to illustiate that a patient who 
shows little or no reduction in the rate of basal metabolism during 
the administration of iodine may improve clinically (prolonged rest 
piesumably being a factor) and have a fairly satisfactory convalescence 



Chart 6 (case 6) — Definite clinical improvement but no reduction m the basal 
metabolic rate during rest and the administration of iodine in large doses Sub- 
total thj roidectomv was followed by only moderate postoperative reaction 

from a subtotal thyroidectomy A few other patients who lesponded 
similarly have been obseived 

From the standpoint of operative risk, it would appear that a 
moderately high stationaiy rate of metabolism duiing the administra- 
tion of iodine may be a less serious omen than a lapidly rising rate 
of metabolism during the administration of iodine 

Case 6 The patient, Mr W N (chart 6), an American painter, aged 36, 
entered the Brown service of the Presbyterian Hospital, on l^Iay 9, 1930, with a 
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typical case of exophthalmic goiter of about four months’ duration On admission 
he was a cry nervous, restless and emotionally unstable The skin was warm, moist 
and somewhat flushed There was a well marked fine tremor of the extended fingers, 
well marked bilateral exophthalmos and lid lag, poor convergence and a moderate 
sjmmetncal enlargement of the thyroid gland with a systolic bruit all over the 
right lobe, which was most niaiked at the superior pole The day after admission 
the basal metabolic rate was + 83 per cent, but during the test the patient was 
restless, and this result probably did not represent the true basal metabolic level 
at that time Two da> s later it was + 50 per cent, and it remained at approxi- 
mately this le\el until after operation The patient had been using iodized salt for 
domestic purposes for several vears, but he had not had iodine m any other form 
before admission The administration of iodine was started on May 16 m a dose 
of about 6 mg dailj, and on May 26 this was increased to about 250 mg daily 
During rest in bed and the administration of iodine the patient became less 
ner\ous, perspired less, slept better and suftcred less from palpitation in spite of 
no reduction m the rate of basal metabolism That the improiement was not 
so marked as it might have been, howcicr, is shown by the lollowiiig note of 
June 6 “Still nervous and somewhat erratic Slight tremor Exophthalmos 
persists Bruit at right inferior pole of thyioid but not elsew'here Thyroid hard 
Well marked palpitation Perspires freely on w'arm days Sleeps ivell Little 
worrj Saj's he feels TOO per cent better’ than on admission He is, however, 
still definitely thyrotoxic and bj no means the best operative risk It is question- 
able whether he should be operated on now or after a period of omission of 
iodine ’’ Nevertheless, following a subtotal thyroidectomy by Dr E M Miller 
on June 20, the patient had a satisfactory coinalescence He had the usual 
amount of fever for fi^e days after operation, the highest point reached being 
102 F , and there was a period of auricular fibrillation of a few' hours’ duration, 
beginning the day after operation There w'as no nausea or vomiting 

PHENOMENA THAT MAY BE RELATED TO REFRACTORINESS TO IODINE 

In addition to teinpoiai} impiovement dining the continuous admin- 
istration of iodine, the following types of leaction have been observed 

1 When iodine is omitted after pioducing its usual i emission, the 
late of metabolism may quickly rise to a higher level than that noted 
before the administration was started (chart 7 in this article and chait 
5 and the case of Mr L O in Stan’s® papei) 

2 The use following the omission of lodini ma} occui abiuptly, 
eien when iodine has not pioduced a reduction in the late of basal 
metabolism (chait 8 in this aiticle and chaits 7, 8, 9 and 10 in the 
paper of Starr, Segall and Means ') 

3 While iodine is being administered, the late of metabolism may 
not show an initial reduction, but may use highei than it was before 

6 Starr, P The Course of Hyperthyroidism Undei Iodine Medication, 
Arch Int Med 39 520 (April) 1927 

7 Starr, P , Segall, H N , and Means, J H The Effect of lodm m 
Exophthalmic Goiter, Arch Int Med 34*355 (Sept) 1924 



364 


ARCHIVES OF INTERNAL MEDICINE 


the admmistiation of iodine was started and higher still when iodine 
IS omitted (chart 9) 

4 A dose of iodine which in itself is too small to cause a reduction 
in the rate of basal metabolism may interfere with the effect of much 
larger doses administered immediately afterward ® 



Chart 7 (Mrs A H, lab no 5917) — Omission of iodine after the usual 
remission (first administration) followed by a rise of the basal metabolic rate to a 
higher level, and greater seventy of the disease than had been present initially 
(The data recorded in charts 7, 8 and 9 are from the Massachusetts General 
Hospital 

8 Thompson, W O , Thorp, E G , Thompson, P K , and Cohen, A C 
The Range of Effective Iodine Dosage in Exophthalmic Goiter II The Effect on 
Basal Jletabohsm of the Dailv Administration of One-Half Drop of Compound 
Solution of Iodine, Arch Int Med 45 420 (March) 1930 Thompson, W O , 
Cohen, A C , Thompson, P K , Thorp, E G, and Brailey, A G The Range 
of Effective Iodine Dosage m Exophthalmic Goiter III The Effect on Basal 
Metabolism of the Dailv Administration of One-Quarter Drop of Compound Solu- 
tion of Iodine and Slightly Smaller Doses, wnth a Summarj^ of Results to Date, 
Arch Int Med 45 430 (March) 1930 





Chart 8 (Miss A W , lab no 5203) —Only slight reduction in either the 
basal metabolic rate or the severity of the disease during the administration of 
iodine (first administration), followed by a well marked increase in both factors 
when it was omitted 



Chart 9 (Miss M K, lab no 5181) — Increase in the basal metabolic rate 
and severity of the disease during the daily administration of one drop of 
compound solution of iodine, with still further increase in both factors on the 
omission of iodine 
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It IS not known m what peicentage of cases each of the types 
of reaction pieviously desciibed occurs In the fiist tlnee, the fact 
that the rate of metabolism was higher and the intensity of the disease 
greatei following the omission of iodine than they weie mitiall}', is 
analogous to the “postiodine” reaction of Starr (chait 1 mins papei '") 
In the lare instances in which it was possible to make such obseiva- 
tions, it was found that this increase in the intensity of the disease 
following the omission of iodine has usually been of only temporal) 
duration, and has been followed by some spontaneous deciease'’ 

In this connection it is of interest that cases have been lepoited 
in which thyrotoxicosis developed during the administiation of iodine, 
although it has never been definitely proved that iodine was the cause 
of these flare-ups Occasionally we have seen an inciease in the rate of 
basal metabolism and in the seventy of the disease m patients with 
exophthalmic goiter during the administration of from about 1 5 to 3 
mg of iodine daily, which was followed by a i eduction shoitly aftei 
the dose was increased to 250 mg daily^ ® In these cases the level to 
which the large dose depressed the metabolism was, on the average, only 
slightly lower than the level just before the small doses were staited 
Theie may be some truth in the impression of older observeis that 
iodine may aggravate cases of exophthalmic goiter and that latent cases 
may be lighted up through its use 

TIME REQUIRED FOR DEVELOPMENT OF AND RECOVERY FROM 
REFRACTORINESS TO IODINE 

In case 5, iodine was not omitted, so that it is unknown whethei 
01 not the condition was completely oi only partially refractory to it 
Wdiile 111 case 1 the condition became completely lefractory to 1 diop 

9 Starr (footnote 6) Goetsch, E The Use and Misuse of Iodine in the 
Treatment of Toxic Goiter, New York State J Med 27 1075, 1927 

10 Kocher, T Ueber Jodbasedow, Verhandl d deutsch Gesellsch f Chir 
39 396, 1910, Ueber Jodbasedow, Arch f khn Chir 92 1166, 1910, Discussion on 
the Surgical Treatment of Graves’ Disease, Brit M J 2 931, 1910 Fleischmann, 
P Zur Frage der regionar verschiedenen Empfindhchkeit gegen Jod, Munchen 
med Wchnschr 58 198, 1911 Trousseau, A Lectures on Clinical Medicine, 
translated b}" P V Bazire, The New Svdenham Society, London, lecture 19, vol 1, 
1868 Sudeck Die Jodbehandlung der Schilddrusenerkrankungen, Khn Wchn- 
schr 2 1122, 1923 Pineles, F Ueber die Empfindhchkeit des Kropfes gegen 
Jod, Wien khn Wchnschr 23 353, 1910 Jackson, A S lodin Hyperthy- 
roidism, Conclusions Based on a Study of Thirty-Eight Cases, Am J M Sc 
170 271, 1925 Kimball, O P Induced Hyperthyroidism, J A M A 85 1709 
(Noi 28) 1925 Hartsock, C L Iodized Salt in the Prevention of Goiter 
Is It a Safe Measure for General Use^ J A M A 86 1334 (May 1) 1926 
Lahej, F H Revien of Another Year’s Work in Thvroid Disease, Endo- 
crinology’ 8 366 1924 
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and in cases 2 and 3 only paitially lefiactoiy to 1 diop and 5 diops, 
respectively, it must be emphasized that iodine was administeied con- 
tinuously foi one bundled and foity-thiee days in the fiist case and foi 
only eighty-eight and eight} -seven days, i espectively , in the other two 
The length of time that elapsed fiom the beginning of the administia- 
tion of iodine until the late of basal metabolism began to rise was not 
stiikingly difteient in the thiee cases (fiom foity-two to fifty-eight 
days) The late at which the use occuiied was slightly faster in the 
last t■\^o cases (1 point a day) than in the fiist case (one-half point 
a da) ) A maiked difieience is noted, however, when these three cases 
aie compared with case 5, in which the use in the late of basal metabo- 
lism began at least within twenty-oUe days aftei the administration 
of iodine was started, and was veiy lapid Owing to the lapidity 
of the use and to the lather small numbei of obseivations on the 
basal metabolism, the late at which it lose can only be appioximated, 
but it could not have taken longer than eight days (fiom June 28 to 
July 5) for the basal metabolic late to rise fiom -}- 37 per cent to -f- 76 
pel cent (39 points) Theiefoie, it lose at least 5 points a da} The 
patient had a more seveie case of the disease than the othei thiee 
patients 

In cases 1, 2 and 3, recoveiy from the lefiactoiiness appealed to 
be complete aftei iodine was omitted At least, m the first and thud 
cases, when the administration of iodine was resumed, the metabolism 
dropped to as low a level as it had previously done when iodine had 
been given The exact length of time lequiied foi this lecoveiy is 
unknown, but it occuried within sixty-four, twenty-foui and fifty 
days respectively in these thiee patients The recoveiy in the third 
case was complicated by roentgen tieatment In the fiist case, fol- 
lowing the omission of iodine theie was some i eduction in the basal 
metabolism and a deciease in the intensity of the disease In the 
second case, there was at first a rise m the rate following the omis- 
sion of iodine and then a reduction which was appaiently a lesnlt 
of the change from the daily loutine at home to lest in bed in the 
hospital In case 4 the late of metabolism dining the leadmmistiation 
of iodine diopped to as low a level aftei the omission of iodine foi 
fouiteen days as aftei its omission foi twenty-nine days 

Aftei the omission of iodine foi twenty-seven days in the case 
summarized in chart 5 of Stair’s® paper, the second remission was 
not as complete as the fiist In anothei case lepoited by the same 
authoi (chait 7 in his papei), a well maiked i emission occuiied after 
iodine had been omitted foi sixty-four clays In chait 4 of the paper 
by Stair, Segall and Means,’’ it is shown that aftei the omission of 
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iodine for ele\eii days the second remission was not as great as the 
first in one case, and was just as gieat in another Iodine had been 
gi-ven foi only eleven and thirteen days, respectively, befoie it was 
omitted and the late of metabolism rose only to its pre-iodine level 
when this medication was stopped Coller said “If a recuiience 
with the continued use of iodine has occurred, there will be an exacer- 
bation of symptoms when iodine is stopped After a certain length 
of time has elapsed — the optimum time is not clear — ^the readmmistra- 
tion of iodine will cause another remission ” 

In some patients refiactory to iodine after its prolonged adminis- 
tration, Graham observed a “favoiable response” to iodine when 
its administration was lesumed aftei a period of omission of fiom 
thiee to SIX weehs 

In case 1, the initial short period of lodinization was appaiently 
not associated with the development of lefractonness, whereas the 
piolonged administration was When the administration of iodine 
IS begun aftei a period of omission, the second response is said by 
some authors to be less marked than the fii st The difference between 
this observation, on the one hand, and that of Coller and ourselves 
on the other, probably can be accounted for by two factors (1) Suffi- 
cient time may not have been allowed to elapse between the two 
administiations of iodine (2) A spontaneous variation may occui m 
the disease itself 

CLIXICAL STATUS OT THE PATIENT DURING THE REFRACTORY PERIOD 

In cases 1, 2, 3 and 5, as the rate of metabolism was rising 
duiing the administration of iodine, all of the peculiar nervous mani- 
festations of the disease not only were present, but weie becoming 

11 Coller, F A The Use of Iodine in the Treatment of Goiter, Ann Clin 
Med 5 91, 1926 

12 Graham, A Preoperative Iodine Therapy m Toxic Goiter Indications 
and Limitations, Am J Surg 2 354, 1927 

13 Hutton, J H Dangers of Iodine in the Treatment of Goiter, Illinois 
M J 50 408, 1926 Holmes, M E The Value and Danger of Iodine m Thyroid 
Disease, New York State J Med 27 538, 1927 

14 This is perhaps illustrated in chart 7 of the paper by Plummer and 
Boothby (The Value of Iodine m Exophthalmic Goiter, J Iowa State M Soc 
14 66, 1924) There was much less reduction m basal metabolism during the 
second administration of iodine than during the first Iodine had been omitted 
for onl}'^ eight da 3 "s, however During the third administration, after iodine had 
been omitted for seventy-four days, the response was just as striking as initiallj'^ 
The data are somewhat complicated bj"- ligations but nevertheless illustrate the 
point 

15 Thompson, Brailev, Thompson and Thorp (footnote 2, second reference) 
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moie intense When the rate of metabolism finally leached its 
highest point dining the administiation of iodine, all of the patients 
weie woise than they had been previously Their clinical condition 
was indistinguishable m type fiom then pie-iodine condition, except 
that all the signs and symptoms of exophthalmic goiter weie more 
intense In the second and thud cases they became somewhat more 
intense on the omission of iodine, but m the fiist case, not only did 
no fuithei increase occui, but, as stated befoie, theie e\en occuiied 
a slight spontaneous deciease in the seventy of the disease when iodine 
was omitted In case 4 after the patient had had 30 diops of the com- 
pound solution of iodine daily foi one month befoie enteimg the 
hospital, the ner\ous phenomena of the disease weie indistinguishable 
111 t 3 pe fiom those in a patient with a severe case of exophthalmic 
goiter who has nevei. had iodine, and they did not mciease in nitensit\ 
following the omission of iodine In case 1, the patient’s e}es began 
to be prominent about two months befoie the omission of compound 
solution of iodine, and in case 2, about two and one-half weeks before 
its omission In both, howevei, a lid lag was fiist noticed after the 
omission of iodine In case 3, the exophthalmos definitely increased 
while the rate of metabolism was using dining the administiation of 
iodine, and it appeared to do so m case 5 We have seen an mciease 
in exophthalmos in at least thiee othei patients as the basal metabolic 
rate was rising during the continuous administration of fiom about 
125 to 250 mg of iodine dailj 

SIZE or THE DOSE OF IODINE 

Several good obserieis aie of the opinion that when the adminis- 
tration of iodine is long continued, aggravation of symptoms is moie 
apt to be associated with the administration of laige doses than with 
that of small doses Howevei, we know of no carefnll) conti oiled 
work that has been done to show whether oi not a gioup of patients 
with exophthalmic goiter is more apt to grow woise dining the pio- 
longed administration of large doses of iodine than a similar gioup 
during the prolonged administiation of small doses On seveial occa- 
sions we have seen the disease giow worse following a tempoiaiy 
improvement during the continuous administration of small doses (1 
diop of the compound solution of iodine daily), just as dining the 

16 Neisser, E Ueber Jodbehandlung bei Thyrcotoxikose, Berl klin Wchn- 
schr 57 461, 1920 Fraser, F R Iodine in Exopbtlialmic Goitre, Brit M J 
1 1, 1925 Cowell, S J , and Mellanby, E Effect of Iodine on Hyperthyroidism 
in Man, Quart J Med 18 1, 1924 Marine, D Iodine in the Treatment of 
Diseases of the Thyroid Gland, Medicine 6 127, 1927 
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continuous administration of large doses (30 drops daily ^‘) Chaits 
1 and 3 aie peihaps examples of this, although the temporary adminis- 
tration of laige doses complicates the picture somewhat We ha\e 
shown that what are commonly regarded as small doses (fiom 3 to 5 
drops of compound solution of iodine daily) are in reality considerably 
greater than the minimum amount of iodine that will produce a maxi- 
mum reduction in basal metabolism in most cases So far as the cases 
in this senes aie concerned, it may be noted that in the first case the 
tempoiaiy administration of laige doses (from 30 to 90 drops daily) 
appealed to acceleiate slightly the rate at which the condition became 
lefiactoiy to 1 diop daily In the second case, it is not known what 
would haie happened to the metabolism had the administration of 5 
drops daily been continued and 30 drops not been given, or had 1 drop 
daily been continued and the laiger doses of 5 and 30 diops daily not 
been given 

A fanly large number of obseivations published elsewhere sug- 
gested that the most important factor in detei mining the couise of 
the basal metabolism duiing the prolonged administration of iodine 
may be the severity of the disease and not the size of the dose of 
iodine Thus m mild cases the basal metabolism can often be held at 
01 near the noimal level for months to years by the piolonged adminis- 
tration of iodine On the other hand, seveie and moderately severe 
cases laiely show more than temporary improvement^^ Theiefore, 
lefiactonness seems to occur primarily m the model ately severe and 
sei ere cases of the disease The fact that the rate of metabolism began 
to use soonei and rose more rapidly in case 5 than m cases 1, 2 and 
3 may be attiibuted to the gi eater severity of the disease as well as 
to the laigei doses of iodine Moi cover, it is possible that while the 
acute iheumatic fever that was present on admission to the hospital 
did not pi event a marked temporar)^ improvement during the adminis- 
tiation of iodine, it may have tended to shorten the duiation of this 
impiovement 

While the data in this paper demonstrate primarily that complete 
refiactormess to small doses of iodine may develop, it appears to us 
probable that complete refractoriness to large doses may also develop 
For example, m case 4 the condition was apparently refractory to large 
doses on the patient’s admission to the hospital, that is, aftei one 
month’s administiation In case 5 the condition became at least pai- 
tiallv refiactoi} to large doses, as judged by the marked increase in 

17 Thompson, Thompson, Brailey and Cohen (footnote 3, second reference) 

18 Footnote 2 Thompson, Thorp, Thompson and Cohen (footnote 8) 

19 Thompson, Thompson, Brailey and Cohen (footnote 3) Thompson, W O , 
Morns, A E , and Thompson, P K Thyrotoxicosis Following Subtotal Th) - 
roidectomv for Exophthalmic Goiter, Arch Int ]\Ied 46 946 (Dec) 1930 
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the basal metabolic late and in the seventy of signs and symptoms 
befoie opeiation and the thyioid crisis after operation Moieover, for 
some leason that at present is not cleai, a small peicentage of patients 
show no 1 espouse imtiall} to the administi ation of laige doses of 
iodine 

COMMENT 

Theie are at least two possible explanations of the phenomena 
obseived 

1 Iodine m no way alteis the coiiise of the disease, and, dining 
its piolonged administration, the late of basal metabolism at any 
point is just what it would have been if the administi ation of iodine 
had been started shortly before In other woids, if the condition 
becomes completely refracton to iodine at a certain tune dining admin- 
istration, It would have been completely refiactoiy at exactly the same 
time if no iodine had been admnnsteied, and iodine plays no idle in 
the development of the period of refractoriness 

2 It IS possible that in some cases dining the administi ation of 
iodine some reaction to it occins which tends to coiinteiact its beneficial 
effects The period of lefractormess may thus be thought of as an 
end-result of the leaction to iodine 

At present neither hypothesis can be pioied oi disproied Theie 
aie certain facts that appear to support one h)pothesis and ceitain facts 
that appeal to support the othei In favor of the hist aie the following 
observations 

1 A few patients appear to be initially lefiactory to iodine 

2 In some patients the effect of iodine on the basal metabolism 
and clinical pictiii e ina) vary markedl} from time to time 

3 In one mild case of the disease we observed that the basal 
metabolism both rose and fell duiiiig the continuous administi ation of 
iodine under the same conditions of activity 

It was perhaps foi similar reasons that Means, on the basis of 
Plummer’s hypothesis,^ was led to say 

The “thyrotoxicosis of exophthalmic goiter” may be thought of “as made up of 
two components, one of which can be held m abeyance so long as an excess of iodine 
IS present, this we may call A, the other of which, influenced by iodine, we may 

20 Thompson, Brailey, Thompson and Thorp (footnote 2, second reference) 
Thompson, Thompson, Brailey and Cohen (footnote 3, second reference) 

21 Thompson, Thompson, Brailey and Cohen (footnote 3, second reference) , 
ifyxedema During the Administration of lodm in Exophthalmic Goiter, Am J 
M Sc 179 733 (June) 1930 

22 Means, J H , and Richardson, E P The Diagnosis and Treatment of 
Diseases of the Thyroid, Oxford Monographs on Diagnosis and Treatment, New 
York, Oxford University Press, 1929, lol 4, p 150 
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call B The ratio of the components A B will ^ary from patient to patient, 

from place to place, and in the same patient from time to time As the disease 
runs its course important changes in the ratio undoubtedly occur, and the relative 
magnitude of the influence to be had by saturating the patient with lodme will vary 
accordingly ” 

In favoi of the second hypothesis are the following observations 

1 Whereas the reduction in the rate of basal metabolism dm mg 
the administiation of iodine vanes considerably from patient to patient, 
It is ustialh well marked, and cases that show no reduction are not 
common, proiided iodine has not been administered shortly before 
If refractoriness to iodine may be regarded as a stage m the couise 
of most cases of exophthalmic goitei, it seems strange that a larger 
number of patients are not initially lefiactory to iodine 

2 As pieviously mentioned, doses of iodine inadequate to cause 
any reduction in the rate of basal metabolism may sometimes inteifere 
with the eftect of much larger doses administered immediately aftei- 
uard 

3 When iodine was omitted as the rate of basal metabolism was 
using m cases 2 and 3, the response appeared to be recovery from the 
refractoriness and not a further development to complete refractoriness 
At least in the first patient, the refractoriness had disappeared after 
an intenal of twent}-four days In the second patient, it had dis- 
appeared aftei an interval of fifty days (how much sooner is unknown) 

The ciiticism can alwa)^s be made that we do not know what the 
couise of the basal metabolism would have been in our cases had 
iodine never been omitted For this reason, the natural course of the 
disease can usually be invoked to explain everything that happens to 
patients with exophthalmic goitei 

Regardless of what the explanation of these findings may be, our 
data indicate that the peculiar nerv^ous manifestations of exophthalmic 
goiter ma} be present during the administration of iodine in both small 
and laige doses Thus, m patients with this disease, while iodine is 
being admmisteied, exophthalmos may first appear or increase, and 
the lemainder of a clinical syndrome that we are unable to distinguish 
from that of exophthalmic goiter may grow more intense Lahey 
reported several cases in patients who came to his clinic in the ciisis 
of the disease and who died before operative procedures could be 
contemplated m spite of “the most heroic measures,” including the 
administiation of iodine in large doses This has some bearing on the 
treatment for the disease Foi example, it is sometimes claimed that the 
height of the basal metabolic rate is not a criterion of the operative 


23 Label, F H The klanagement of Goiter, J Indiana M A 23 117, 1930 
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risk of the patient and that, so long as iodine is being administeied 
in excess, the patient is a good risk, legaidless of what happens to the 
late of basal metabolism The leason given foi this is that operative 
mortality is bound up pnmaiily with the “bad product” (i e , component 
A) and not with the “good product” (component B) , and, on theo- 
retical grounds, the “bad pioduct” is said to be always completely 
undei contiol during the administration of iodine m excess While 
It is tiue that the height of the rate of basal metabolism is not the 
only ciiterion foi detei mining the risk, the last pait of this claim seems 
questionable Foi example, when the patient in case 5 was first hi ought 
to the opeiating room, he behaved as patients with seveie cases of the 
disease did in similai ciicumstances before the days of the use of 
iodine, and opeiation had to be postponed When operation finally vas 
performed, howe\ei, he had a t 3 qMcal postopei ative ciisis, with maiked 
ner^ousness, vomiting, fe^el, tach}caidia and deliiium, lesulting in 
death This postoperative reaction was indistinguishable fiom that 
piesented by patients with seveie cases of the disease befoie iodine 
^^as used for tieatment 

We have occasionally seen similar postopei ative reactions which 
were not fatal in patients who had leceived iodine m laige doses foi 
only the usual time before operation (fiom ten to fouiteen da}s), 
notably in those who had not lesponded very well to it, but also in 
patients who had shown a satisfactoiy response The leactions to 
which we refei aie characterized by maiked neivousness, tin ashing 
about m bed, a wild expression in the eyes, fevei, marked tachycaidia 
and occasionally delirium, vomiting and auiiculai fibi illation, and \\e 
are unable to distinguish them fiom those that occurred befoie the 
da}s of tieatment with iodine Lahey and Clute lepoited seveie 
postoperative reactions, some of which weie fatal, in patients who had 
been given iodine in large doses both befoie and after opeiation 
De Courcy.-® Dunhill,-' Giaham^" and Kessel and Flyman"^ expiessed 
fhe belief that some patients remain poor opei ative iisks in spite of 

24 Lahey, F H The Use of Iodine m Goitre, Boston M & S J 193 487, 
1925, The Management of Post-Thyroidectomy Complications, S Clin North 
America 8 13, 1928 

25 Clute, H M Effect of Compound Solution of lodm and Rest m 
Surgery of Exophthalmic Goiter, J A M A 86 105 (Jan 9) 1926 

26 De Courcy, J L Review of 3,600 Thyroidectomies, Am J Surg 2 225, 
1927 

27 Dunhill, T P Toxic Goitre, Brit J Surg 17 424, 1930 

28 Kessel, L, and Hyman, H T Exophthalmic Goiter and the Involuntaiy 
Nervous System XVI The Influence of Subtotal Thyroidectomy With and 
Without Compound Solution of Iodine on the Course of the Disease Arch Int 
Med 40 623 (Nov) 1927 
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prepaiation with iodine While one of the chief benefits of iodine has 
been a inaiked deciease in the numbei of postoperati-ve crises, the fact 
that iodine has been adininistei ed in large doses for ten days or more 
befoie operation is in itself not an absolute guarantee that there will 
not be one 

It may thus be said that regardless of the theoietical mteipietation 
of these phenomena, they suggest the following therapeutic applica- 
tions 1 In severe cases of the disease, operation should be peifoimed 
as soon as the metabolism leaches a level during the administration of 
iodine, because the beneficial effects m such cases may be of shoit 
duration 2 If in such cases, however, opeiation is slightly delayed 
and the rate of metabolism starts to rise lapidly soon after the initial 
drop, operation should not be performed until iodine has been omitted 
for a short time, because m the presence of a rapidly rising late of 
metabolism operation appears to be unsafe A short peiiod of omission 
of iodine may cause the refractoriness to disappear and make the patient 
a better operative iisk 

Most obseivers have seemed loathe to omit -"o dine if the rate of 
metabolism is rising This attitude is based on the rather widespread 
belief that the effect of iodine nevei completely wears off while 
It IS being administered, regardless of what happens to the basal 
metabolism Our observations suggest that m such a stage of the 
disease the patient may be largely refractory to iodine, that its con- 
tinued administration may be associated with a still further mciease 
in the severity of the disease , that the rate of metabolism may 
not rise much highei following its omission, and that its omission may 
be followed by the disappearance of the lefractoriness Duiing the 
period in which iodine is omitted, the patient should be at rest in 
bed Medication probably does not need to be discontinued longer 
than from three to four weeks Iodine may then be readministeied, 
and if the basal metabolism drops, operation mjy be performed with^ 
comparative safety 

Campbell,-® Graham,^® De Couicy®® and Goetsch expressed the 
belief that operahon on a patient who shows a high rate of metabolism 
and who is very ill after the prolonged administration of iodine may 
cause death Campbell is of the opinion that aftei a short period 
of freedom from iodine, such patients again respond to it and become 
good operative iisks It is said to be the custom at the Toronto General 
Hospital to omit iodine for a short time in all such cases 

29 Campbell, W R Personal communication to the authors 

30 Goetsch (footnote 9) 

31 Graham, D Personal communication to the authors 
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In om senes tlieie is a contiast between the patient in case 5, who 
nas opeiated on while the metabolic late was using rapidly duiing 
the administi ation of iodine and who died from a typical postopeiatue 
crisis, and the first four patients, in whose cases iodine was omitted 
when the metabolic late was rising oi was very high and who were not 
operated on until the lefiactoiiness to iodine had disappeaied, wdien 
convalescence w^as uneventful It would peihaps ha\e been piefeiable 
to have legarded the goitei in case 5 as the majoi pioblem and to have 
pioceeded with the opei ation wnthout w'aiting to deteimme whether 
the iheumatic fe^el w^ould lecui wdien salicylates weie omitted Since 
this was not done, it wmuld seem that opei ation should have been 
postponed until iodine had been omitted foi a shoit time 

In cases of the disease that are onl}' modeiately seveie, it is oui 
impiession that the rate of metabolism usually lemains depressed foi 
scAeial w^eeks before staitmg to rise, and that the rise is usually slow^ In 
this t 3 pe of case w'e doubt that aity haim is done by delaying opei ation 
for a short time wdnle iodine is being admmisteied Fuithermore, we 
doubt that a ven slowd}^ using rate of metabolism duiing the adminis- 
tration of iodine is a contiaindication to opei ation, unless the metabo- 
lism has ajiead}' attained a high le^el It is also true that the seventy 
of the postopei ative reaction cannot be piedicted entirel) by the pie- 
opeiative height of the rate of metabolism Some patients wdio show' 
little 01 no 1 eduction in the late during the administi ation of iodine 
have onl} moderate postoperative reactions (case 6) Like all othei 
biologic phenomena, the response of patients wnth exophthalmic goiter 
to iodine is variable 


SUMMARY AND CONCLUSIONS 

Duiing the prolonged continuous administration of iodine one 
patient wntli exophthalmic goitei, after showing a remission, became 
completely refiactory to 6 mg of iodine daily, a dose that w'as at other 
times sufficient to produce a maximum reduction m the basal metabo- 
lism Four other patients became at least paitially refractory to iodine 
during its prolonged administration in doses of from 6 mg to 250 
mg daily 

In four of the piecedmg five cases, lodmc w'as omitted and the 
refractoriness disappeared 

The fifth patient was opeiated on when the metabolism was using 
rapidly during the continuous administi ation of iodine, and he died about 
foity houis afterw'ard from a typical postoperative ciisis This leaction 
was indistinguishable fiom those previously seen in patients w'ho iveic 
opeiated on without receiving iodine 
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The exact length of time necessaiy foi the lefractonness to disap- 
peai completely when iodine is omitted is unknown, it was observed 
to do so within twenty-four days 

When the metabolism reached its highest point dm mg the adminis- 
tration of iodine, the disease was moie severe than it had previously 
been, and all the peculiar nervous manifestations not only weie present, 
but weie more intense In two patients, exophthalmos was first noted 
as the rate of metabolism was rising during the continuous administra- 
tion of small doses of iodine, and in the other two, it became more 
marked under these circumstances 

The reactions appear to be more chai acteristic of severe cases than 
of mild cases 

Oui obseivations do not appear to support the hypothesis that the 
peculiar nervous manifestations of exophthalmic goiter are alwa}s undei 
control as long as an excess of iodine is being administered 

In severe cases operation should be performed as soon as a maximum 
reduction in the late of basal metabolism occuis 

In any case, when the metabolism has increased markedly duiing 
the administration of iodine, it is probably wise to postpone operation 
until aftei this medication has been omitted for from three to four weeks, 
with the patient at rest in bed, to allow the refractoriness to’ disappeai , 
and until the administration of iodine has been resumed 

Certain phenomena that may be related to the development of refrac- 
toiiness to tieatment with iodine are desciibed 
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In the examination of the heait, vaiious methods aie employed 
Most of them are of value, but none of them affoid an accuiate index 
as to the functional capacity of the heait The most commonly 
employed method of estimating the functional capacity consists in 
counting the pulse before and after standaidized exeicise Concerning 
such tests, Sir James Mackenzie ^ stated 

One of the most profitless lines of investigation has been those numerous and 
elaborate attempts to discover the condition of the heart's efficiency by various 
tests in which bodily effort is employed and the heart rate taken as a standard 

With regal d to the measurement of cardiac capacity foi work, Sir 
Thomas Lewus - said 

Innumerable tests have been, and continue to be devised to answer this ques- 
tion, the} are based mainly upon pulse and blood pressure readings 
Experience of such tests have convinced me that they have little practical value, 
and tending as they often do to become rules of thumb, they hkewusc become most 
undesirable 

Our own expeiience with the pulse late test has not been extensne 
In the majorit}'- of instances patients wuth caidiac disease exhibit a 
greater and more piolonged met ease than normal peisons after per- 
foiming the same exercise, but the exceptions to this lule aie so frequent 
as to make the method of little value Examples of these exceptions 
are shown in table 1 The exercise was caiefully standardized With 
mild exercise, the i espouse of the normal subject and of the patient 
wuth advanced cardiac disease weie piactically identical Aftei moie 
severe effort, the patient with early organic cardiac disease letuined 
to normal quickei than did either the normal subject or the one with 
cardiac neurosis 

' Submitted for publication, Nov 8, 1930 

''From the Department of Medicine of Vanderbilt University, Nashville 
Tenn 

1 Mackenzie, James Diseases of the Heart, ed 4, London, Oxford Univer- 
sity Press, 1925, p 114 

2 Lewis, Thomas Early Signs of Cardiac Failure of the Congestive Tvpe 

Brit M J 1 849, 1930 ’ 
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Most clinicians would agiee that at the present tune theie is only 
one reliable index to cardiac function and that this is the degiee of 
djspnea during and after effort But dyspnea is a subjective pheno- 
menon and hence as such cannot be expressed accurately in quantitative 
terms The piesent research is concerned with an effort to arrive at a 
quantitative concept of dyspnea by means of respiratory measuiements 
Most of our piesent knowledge along these lines has come from the 
important studies of Francis W Peabody and his co-workers,^ and the 
piesent stud} is in large measure based on the fundamental concepts 
developed by them 

METHOD 

In general, the method first emplojed consisted of measuring the amount of 
air expired b}' the subject during a period of standardized exercise and for a 
certain period after the exercise was ended The apparatus used is shown in 

Table 1 — The Pulse Rate Aftei Exeicise 
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figure 1 A platform 64 cm broad was supported at each side by two steps, each 16 
cm high The subject wore a mask with inlet and outlet valves The outlet valve 
was connected by means of flexible rubber tubing with a two-way trap, whicn in 
turn was connected with two Tissot spirometers The expired air was collected in 
one spirometer during the exercise and in the other after the exercise (It hap- 
pened that a very large spirometer was not available and hence we used t\\’c 
smaller ones A gas meter would serve the purpose equally well and has the 
ad\antage of being cheaper) 

In each instance the duration of the exercise was two minutes At the end 
of this period the subject rested quietly in a comfortable chair for five minutes, 
during which time the ventilation was measured This time is designated as the 
“after period ” Four different rates of exercise were used The mildest type 
consisted of six “round-trips” (le, over the steps and back) in two minutes 
The others consisted of twelve, sixteen and twenty-four “round-trips,” respec 
tnelj, in two minutes The operator counted with a stopwatch in order to 

3 Peabod}', Francis W, et al Clinical Studies of Respiration, Arch Int 
Med 10 846 (Nov), 955 (Dec) 1915, 20 433 and 443 (Sept), 468 (Oct) 1917, 
28 501 (Noa ) 1921 , 29 236 (Feb ) , 277 (Alarch) 1921 
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assure that the rate of performance remained relatively constant For purposes 
of brevity, the graded exercises will be referred to in the remainder of this paper 
as, in order of increasing severity, exercise I, II, HI and IV, respectively Exer- 
cise I is extremely slow' and can be performed by any patient who is able to get 
out of bed Exercise II is approximately equivalent to walking at an ordinary 
pace, and exercise III to rapid walking Exercise IV is about as severe as a 
rather slow' run Normal subjects experienced little or no dyspnea with the first 
three grades, but were slightly to moderately djspneic tow'ard the end of exer- 
cise IV Exercise IV is rather too severe for any subjects except normal persons 



Fig 1 — The subject inhales through the inlet valve A, and exhales through the 
expiratory valve B By means of the flexible corrugated rubber tubing C, the 
expired air passes through the three-way tap D During the preliminary rest 
period, the expired air passes back into the room At the beginning of the first 
exercise, the tap is turned, and for the two minutes of the exercise and the suc- 
ceeding five minutes of the after period the expired air is collected m the spirome- 
ter, and the total volume for the seven minute period is measured The tap D is 
then turned to room air and the spirometer emptied In like manner the measure- 
ments for exercise II and III are made Although we used a spirometer, a gas 
meter will serve the purpose equally W'eli and is cheaper 


and patients with very early cardiac disease After reviewing all of our data we 
do not believe that the additional information gained from exercise IV is of suffi- 
cient value to warrant the additional time and the respiratory discomfort involved 
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ConsequentK , \\e ha\e decided to eiTipIo\ onK exercises I, II and III in our 
future r\ork 

The usual plan consisted of beginning with exercise I, and then, after the 
usual fi\e minute after period, having the subject perform exercise II, followed 
bj the after period, and so on However, when one degree of exercise produced 
moderate or severe respiratory distress, the succeeding grades of work were 
not done 

An attempt vas made to evaluate the degree of dyspnea m each instance 
Such evaluation is extremely rough and subject to great inaccuracies, but as a 
rule the observation of the patient’s facial expression, alertness and type of res- 
piratorj movements, when coupled with his own statement allowed one to judge 
whether distress was absent, slight, moderate or severe In the majority of sub- 
jects the objective signs of distress as recorded by the operator of the experiment 
agreed fairly well with the person’s statement concerning the dyspnea However, 
patients with cardiac neurosis usually complained of more dyspnea than their 
objective states indicated 

In the first experiments an attempt v\as made to separate the excess ventilation 
due to the exercise from the total ventilation This was done by measuring the 
ventilation during resting before the exercise and subtracting this value irom 
the ventilation during and after the exercise However, it was seen that although 
ventilation during and after a given exercise was fairly constant in the same 
person from day to day, the ventilation during resting varied rather markedly, 
and a large error was introduced (This disadvantage can be overcome by the 
use of fore periods of one-half hour or more, but in such cases the subject 
becomes tired of the mask ancl is likely to be restless ) For this reason the fore 
period was abandoned, and calculations were made on the basis of the ventilation 
during the two minute period of exercise plus that during the five minute after 
period Such a method of calculating the results has the disadvantage of express- 
ing the values in terms of ventilation for the entire seven minute period rather 
than per minute, as is customary However, the after period is necessary, as a 
large fraction of the excess ventilation comes after, not during, the exercise, par- 
ticularly in dyspneic subjects To divide the total amount of ventilation by 7 and 
call this value ventilation per minute would be absurd, because the actual venti- 
lation varies from minute to minute, being greatest during the second minute of 
the exercise and the first minute thereafter Therefore, it is important to remem- 
ber that the figures reported are arbitrarj^ in the sense that they are obtained for 
a selected exercise, performed at a chosen rate for a given time 

In order to compare one subject with another, the height and weight of each 
subject were taken, the surface area was calculated from the Du Bois chart, and 
the values were expressed in teims of liters per square meter 

The vital capacity was also determined in each subject and expressed in terms 
of liters per squaie meter The reasons for this wull be given 

In calculating the values the customary method of reducing ventilation volume 
to liters at standard conditions has been followed The values for vital capacity 
have not been "o corrected but have been calculated, as is usual m respiratory 
experiments, for the prevailing temperature and barometric pressure 

RESULTS 

The Relation of Dyspnea to Rcspii atoi y Measui ements — ^The Vari- 
ation of the Ventilation Duplicate observations on six normal subjects 
are shown in table 2, the values being expressed in terms of liters per 
square meter It can be seen that the maximum vaiiation in the same 
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subject perfonning the same exeicise on diffeient da>s is 15 per cent, 
but that the usual variation is considerably less than 10 per cent Differ- 
ent subjects vaiy by 20 per cent or moie in their ventilations pei square 
metei for the same exeicise The gieatest variations occurred m exer- 
cise IV, which IS sufficiently severe to make the question of the degiee 
of muscular training important Foi this reason, as well as for others, 
this pait of the test can well be omitted 

The Con elation between Dyspnea and the Ventilation per Square 
JNIeter The data m table 3 are based on 304 tests and point to a defi- 

Table 2 — Duplicate Mcasui cinents of the Ventilation Dunng and Aftei Test 

Ex Cl cises 
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13 0 

Pemale 

M M T 

G/17/30 

0/20/30 

37 0 

42 9 

43 7 

40 0 

55 9 
513 

76 4 
813 

14 0 

51 

88 

63 

Pemalc 

E C 

0/17/30 

0/24/30 

34 4 
30 4 

40 9 
415 

52 S 
30 8 

83 8 

79 2 

57 

15 

38 

3 G 

Pemale 

J A 0 

0/15/30 

7/10/30 

36 0 
30 0 

43 7 

44 0 

53 9 
59 5 

74 2 
03 5 

16 

23 

03 

13 2 

Male 

PCI 

0/19/30 

7/24/30 

89 9 

30 7 

43 7 

42 4 

55 8 
48 5 

74 7 

67 3 

80 

77 

13 0 

10 0 

Male 

T E n 

0/15/30 

0/21/30 

41 2 

42 2 

40 7 
44 4 

591 

561 

83 5 

79 9 

2 5 

50 

52 

45 

Male 


Table 3 — The Relation Betzcjccii Dyspnea and the Ventilation Pci Sqiiaic Mctci 


Ventilation per Square Meter, Liters 


Xumber 

Degree of 

Less 

30 to 

40 to 

50 to 

CO to 

70 to 

80 to 

00 to 

More 

of Tests 

Dyspnea 

Than 30 

40 

50 

00 

70 

SO 

00 

100 

Than 100 

179 

None 

0 

41 

97 

39 

o 

0 

0 

0 

0 

84 

Slight (+) 

0 

4 

7 

25 

23 

14 

11 

0 

0 

41 

Moderate (4 -1 ) 

0 

0 

2 

5 

9 

10 

8 

6 

1 

10 

Seiere (+ 1 +) 

0 

0 

0 

1 

4 

3 

3 

1 

2 


nite relationship between the amount of ventilation and the degiee of 
distiess For instance, it can be seen that when the ventilation per 
square meter was above 60 liteis, dyspnea of some degiee almost 
invariably occuired However, theie is little evidence from the table to 
indicate whether the probabilities are that any level of ventilation 
between 60 and 90 liters would be associated with slight, model ate or 
severe dyspnea It is evident that the ventilation pei squaie meter is 
a poor index to the seventy of dyspnea 

The Relation of Vital Capacity to Dyspnea As has been stated, 
our interest was in dyspnea as such rather than in ventilation It was 
soon learned that subjective respiiatory distiess was not directly pro- 
portional to ventilation pei squaie meter Thus, patients with abnoimal 





Iabie 4 — The Relation of Diminished Vital Capacity to Dysfiua 
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lungs may have a noiiiial ventilation per square meter and yet be dis- 
tinct!} more dyspneic than a normal person In table 4 are shown 
\ allies on two noimal subjects with and without tight canvas bmdeis 
wiapped around their chests and abdomens Although the vital capa- 
cities weie 1 educed only about 10 per cent, the subjects expel lenced 
definitely moie than then usual discomfort with the seveie exeicises 
Both of these subjects peifoimed the test on numerous occasions under 
vanous conditions, and the statements as to the dyspnea aie piobably 
lehable Howevei, the i elation of vital capacity to dyspnea is brought 
out moie clearly m the last two subjects m table 4 These persons had 
abnormal!} low vital capacities owing to disease Foi the vanous exer- 
cises then values for ventilation pei squaie metei weie almost exactly 
the same as those of the two noimal subjects, but then distress was 
definitel} gieatei 

T \ELE 5 — The Relation Betzveen Dyspnea and the Ratio .- ^‘4 11 7 .- 8 11. 

vitil cipicity 


Ventilation Vital Capacity 

A 


number 

of 

Tests 

Degree of 
Dyspnea 

f 

Less 
Than 13 

13 to 
23 

23 to 
35 

35 to 
45 

43 to 
53 

55 to 
03 

More 
Than 05 

\ 

Comment 

103 

^one 

0 

127 

47 

0 

0 

0 

0 

Only Otests above 
30, 04 per cent of 
tests bclon 30 

SI 

Slight 

(+) 

0 

3 

32 

22 

3 

0 

0 

No test below 20, 
SO per cent of 
tests between 

23 and 40 

41 

Moderate 

(++) 

0 

0 

3 

21 

12 

3 

0 

Xo tests below GO, 
SO per cent of 
tests between 

33 and 55 

10 

Serero 
(+ + -) 

0 

0 

0 

1 

3 

3 

3 

Three tests below 
30 SO per cent of 
tests above 60 


These obseivations aie confirmatoiy of the studies of Peabody,^ 
who pointed out the great importance of deci eased vital capacity m 
the production of dyspnea 

The Correlation between the Ratio ■ and the Degree of 

Dyspnea The data in table 4 aie in agreement with general 
clinical experience that, roughly speaking, dyspnea is dnectly pro- 
portional to ventilation and inversely piopoitional to vital capacity 
The ratio should therefoie be a bettei index of lespnatory 

distress than ventilation alone That this is actually the case is shown 
by a study of table 5, and a comparison of it with table 3 The total 
ventilation (foi the seven minute period) divided by the vital capacity 
was compared with the degiee of distress in 304 tests on more than 40 
subjects (including normal persons and subjects with pathologic con- 
ditions who performed exercises of varying severity) Observations on 
subjects with cardiac neurosis and on persons with respiratory obstruc- 
tion were omitted from tins tabulation for reasons that will be men- 
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tioned later The clinical note as to the maximum degree of dyspnea 
expel lenced during the test uas lecoided befoie the respiiator} 
measuiements weie completed “No dyspnea” was lecorded in 163 
instances In none of these nas the latio ^itai capacity ^.bove 35, and m 
only 9 obseivations was this quotient greater than 30 When 
“dyspnea +” nas lecorded, the latio was between 25 and 40 m 65 of 
the 84 instances, being below 25 m only 5 cases Moderate (-j — [-) 
dyspnea was usually associated with a quotient of fioiii 35 to 55, and 
values above the lattei level weie laie except in patients who seemed 
to be in seveie distress When one consideis the gieat difficulty and 
the obvious high peicentage of error in classifying the degree of 
dyspnea, it seems that this latio is a faiily accuiate expression of 
respiratoiy distress 

The Impoitance of the Nutritional State One natuially expects 
obese peisons to show gieatei ventilation than other subjects for a given 
exercise As a corollary, one wonders whether thin people have less 
ventilation In order to study these matteis, obseivations weie made on 
16 healthy subjects Their “ideal weights” weie calculated accoidmg 
to the formulas 

Ideal weight for males=:110 pounds for 5 feet and Sp 2 pounds for each 
additional inch 

Ideal weight for females=100 pounds for S feet and 5 pounds for each 
additional inch 

Five subjects weie more than 10 per cent overweight, 6 were within 
10 per cent of their theoretical ideal weight, 5 weie more than 10 per 
cent undei weight The vital capacity pei unit of body surface was least 
in the obese group and greatest m the normal gioup 

The values for weie consideiably higher foi the obese 

subjects and tended to be a little lowei m the undei nouiished subjects 
than m the group with a more iioimal nutiitional status The data 
are shown in table 7 

Such a compaiison obviously puts the obese subject at a disad- 
vantage, because his vital capacity is likely to be somewhat subnoimal, 
and since he does more woik with the exeicise one would expect his 
ventilation to be somewhat higher It is true that on the whole he is 
more dyspneic and therefore the value which, as we have 

shown, is proportional to d)^spnea, should be higher However, for 
purposes of comparison with persons suffering from disease, it is 
desirable to have standaids that will reflect the degree of d 3 ^spnea due 
to disease, rather than the dyspnea due to the nutiitional state There- 
fore, an attempt was made to recalculate the values in such a way as 
to eliminate the lather marked vaiiation dependent on the bod}" weight 
The results of the hist attempt at correcting foi body weight aie shown 
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m the right hand portion of table 7 These values were obtained by 
the product of ^7 such a method of calcu- 

lation, the obese subjects have the lowest values and the thin subjects 
the highest If this method of calculation is adopted, the fat people 
are more efficient than the subjects with noimal nutritional status This 
IS illoeical One must remember that the test includes a two minute 
period of exercise plus a five minute after period The total ventila- 
tion IS composed of tvo factors (1) a ventilation during lesting that 
IS proportional to metabolism and hence to body surface, and (2) an 
excess ventilation due to v ork done, and hence proportional not to bod}- 
surface but to bod} weight Therefore, it seems logical to assume that 

T \BLE 7 — The Relation of the Niitutional State to the Ventilation 


Vlt^l Ventilation Ventilation Ideal Weight 

Capae x 

ity Vital Capacity Vital Capacity Actual Weight 

per / — \ \ 






Sciuarc Exer 

E\cr 

Ever 

Ever 

Ever 

Ever 

Exer 

Ever 



Suh Height, Weight, 

1 Meter, 

CISC 

CISC 

cise 

cise 

Cise 

cjse 

Cise 

Cise 

Com 


jeet 

Inches Pounds Liters 

I 

11 

III 

TV 

I 

II 

III 

rv 

ment 

T 

W H 

n 0 

218 

2 09 

ISO 

20 9 

26 3 

39 0 

14 5 

17 4 

20 5 

30 4 


T. 

C 

02 0 

144 

1 92 

20 0 

21 3 

25 0 

46 0 

103 

17 5 

21 0 

37 8 

More 

W 

G H 

67 5 

187 

193 

19 3 

25 5 

28 4 

42 3 

15 6 

20 0 

22 9 

34 2 

than 10 

K 

P C 

71 5 

205 

1 90 

23 1 

26 5 

32 7 

40 5 

19 6 

22 4 

27 0 

34 2 

per cent 

G 

E C 

CSO 

lOS 

1 99 

19 5 

221 

20 0 


15 2 

17 3 

20 8 


over 





— 

— 

— 

— 

— 

— 

— 



— 

weight 


Average 


1 97 

201 

23 3 

27 9 

421 

10 2 

19 0 

22 0 

30 2 


J 

A. C 

07 5 

145 

2 37 

151 

18 8 

22 7 

29 0 

15 7 

19 0 

23 0 

30 2 1 


T 

R H 

00 5 

146 

2 53 

16 4 

17 9 

219 

312 

10 4 

17 9 

21 9 

312 1 

Within 

F 

C T 

GO 1 

150 

2 30 

16 4 

18 8 

222 

30 4 

17 6 

201 

23 8 

32 6 

10 per 

J 

G M 

70 0 

172 

219 

18 7 

20 4 

24 4 

38 4 

17 9 

19 6 

23 4 

36 9 1 

cent of 

\V 

T E 

07 0 

139 

2 42 

10 4 

19 0 

22 0 

314 

17 8 

20 6 

24 5 

341 

ideal 

H 

F 

65 0 

123 

2 23 

18 7 

23 0 

25 4 

37 8 

18 9 

23 4 

25 9 

38 5 1 

■weight 


Average 


2 33 

10 9 

19 0 

23 2 

33 0 

17 4 

20 2 

23 9 

33 9 J 


M 

M T 

coo 

103 

2 32 

15 7 

18 7 

21 5 

29 8 

18 8 

22 5 

25 9 

33 9 


B 

W H 

05 0 

102 

2 OS 

171 

21 1 

23 4 

36 2 

21 0 

26 0 

28 7 

44 3 

More 


T 

61 0 

02 

2 IS 

161 

18 6 

201 

26 8 

18 5 

21 4 

23 1 

30 8 

than 10 

F 

T 

03 0 

103 

2 02 

15 5 

22 9 

25 3 

41 5 

17 4 

25 5 

28 2 

46 3 

■ per cent 

E 

J 

67 5 

131 

218 

15 5 

18 4 

21 2 

29 2 

17 5 

20 8 

24 0 

33 0 

under 


A VC' 

'ige 


2 10 

10 0 

19 8 

22 3 

32 7 

ISO 

23 2 

20 0 

38 0 



during the test the ventilation should be pioportional not to body sur- 
face or to bod} weight but to the mean bet^\een the two According 
to such a concept, the correct formula for calculation should be 


Distress (independent of nutritional state) due to 


\entilation per square meter 
a ital capaciti per square meter 


ventilation per square meter 


exercise- 

ideal weight 
X“ 


[vital capacity per square meter actual weight J 


When this formula is simplified, it becomes 


D\ spnea = 


aentilation 
Mtal capacity 


ideal weight ~ 
actual weight 

2 . 


Such an expression should be more or less independent of the nutritional 
state That this is actuall} the case is shown in table 8 The values 
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here are a mean between those in the right and left poitions of table 7 
It can be seen that both the individual and the average values he closer 
together than in table 7 On the Ailiole, the subjects whose weight is 
near the theoretical ideal have Aalues slightly loAver than the obese 
groups the thin subjects being intei mediate This is illustrated m 
figure 2 111 C 

Therefore, it seems that unless one is to have a series of different 
normal standards for subjects of A'arying degrees of nutrition, the 
method of calculation described is the best one to use in comparing 

Table S — The Ventilation Index '' in Subjects of Vaiving h iiti itional States 


A'entilation Index 


Subject 

Exercise I 

Exercise II 

—A 

Exercise III 

Exercise lA' 

Comment 

J W H 

16 G 

IS 6 

23 4 

34 7 


E C 

ISl 

19 4 

23 3 

41 9 


W G H 

17 4 

231 

21 1 

38 2 

More than 

C P Gt 

21 4 

24 5 

301 

37 4 

10 per cent 

G E C 

17 3 

19 7 

237 


overweight 

Average 

ISl 

21 1 

211 

3S2 


TAG 

15 4 

19 2 

23 2 

29 6 


T R H 

16 4 

17 9 

21 9 

312 


EOT 

17 0 

19'. 

230 

31 5 

Within 

J G or 

ISl 

20 0 

23 9 

376 

10 per cent of 

AA J E 

171 

19$ 

23 6 

32 7 

ideal weight 

H F 

13 S 

23 2 

23 6 

331 


A^ erage 

17 1 

201 

23 1 

33 5 


M M T 

17 7 

20 6 

23 7 

32 8 


B H 

191 

23 6 

27 0 

40 2 


V T 

17 3 

20 0 

21 6 

2SS 

More than 

P J 

16 5 

24 2 

26 8 

43 9 

10 per cent 

E J 

16 5 

19 6 

22 6 

311 

underweight 

Average 

17 3 

21 5 

24 1 

35 3 j 


Grand average 

17 4 

20 9 

24 3 

D5 T 



p Ideal Tveight -j 
A'entiHtion 1 1 

* A^entilation index = x I Actual ireight 

Vital capacity 

t This subject showed higher values than any other for three of the four points Although 
there was no evidence of cardiac disease, both of his parents had it The upper limits of 
normal are therefore considered to be 20 25 30 fO for the respective exercises 

normal AAith pathologic subjects It should be remembered hoAvever, 
that the actual dyspnea is proportional to ^enmation 

\ ital capacitj 

For the sake of brevity, the A^alues as calculated in table 8 Avill be 
referred to as the A-entilation index 

The Relation of the Ventilation Index to Sex and Age As only 
16 normal subjects AAere studied sufficient data are not yet available to 
alloAA a statistical anahsis In table 9 are shoAAm the highest, loAA'’est 
and normal A’alues for the tAAm sexes The aA'^erage A'^alues for each 
exercise are a little higher for females, but the difference is not great 
It is likely that studies of a larger number of cases Avould alloAv one to 
prepare separate standards for the tAvo sexes With the data at hand 
an attempt to do so seems uiiAAarranted 
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The influence of age is depicted in table 10 The data are too 
meager to draw final conclusions, but one can say that the ventilation 
index IS at least relativel}'- independent of age 

T‘\ble 9 — The Influence of Sex on the Ventilation Index of Noimal Subjects 


Xumber of Ventilation Index 


Studied 

r 

Exercise I 

Exercise 11 

Exercise III 

Exercise IV 

Sex 

r 

Highest 

21 4 

24 5 

301 

38 2 1 

1 

10 1 

Xowest 

15 4 

17 9 

21 9 

29 6 

1 Males 

1 

Average* 

17 3 

20 2 

24 1 

33 8 ' 

1 

f 

Highest 

191 

24 2 

27 0 

43 9 


6 j 

Lowest 

16 5 

19 0 

21 6 

28 8 

Eemales 

1 

Average* 

17 9 

23 5 

24 7 

37 B J 



* Mean of all the values, not of highest and lowest only 



Fig 2 A show s values for when no correction is made for body 

tveight These values are seen to be considerably higher in the obese subjects and 
a little lower in the thin subjects than in the subjects of normal nutritional state 
B shows the values found when A is corrected by multiplying the results by the 
ideal weight . 

lactor actual weight position for the curve is reversed, the obese group being 

lowest and the thin group highest It is evident that this correction factor is too 
large In C, the mean of the values obtained in A and B are plotted, the values 
for all of the subjects fall closer together, the normal group being lowest and the 
obese group highest It is evident that the method of correction for body weight 
used in C is preferable to that used in B The line wnth squares indicate the 
group of obese subjects , the line wuth the circles, the normal subjects, and the line 
wuth the X s, the thin subjects 
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Normal Standards foi the Ventilation Index The noimal standaids 
are shown in table 8 The upper limits of normal for the various exer- 
cises can be consideied as being appioximately 20, 25, 30 and 40, lespec- 
tiveh There are a few isolated values above these but no noimal 
subject has a cuive with evei}' point above these levels 

The aveiage values for the four exercises are 17 4, 20 9, 24 3 and 35 7, 
respectively In noimal subjects nine tenths of the values fall within 

Table 10 — The Vcniilaiwu Index m Relation to Age 



Number 

of 

Subiccts 


Average Ventilation Index 

A 


Age Group 

t 

Exercise I 

Exercise II 

Exercise III 

Exercise IV 

Under SO 

10 

17 3 

20 8 

241 

34 S 

30 to 50 

4 

18 3 

20 4 

24 7 

36 G 

Over 50 

2 

17 3 

212 

24 5 

35 4 


15 per cent of these values, and all of such values fall within 20 per 
cent of them Therefore, anj values that are moie than 20 per cent 
above these aveiages aie, iii all probability, indications of a pathologic 
condition Foi piactical purposes, it is simpler to legaid aii} curve 
vith three points above the line 20-25-30-40 as being abnoimal For 
the sake of clarity a protocol illustiatmg the final method of calculation 
is given 

SAMPLE PROTOCOL 


Subject W H , male, white, aged 59, July 2, 1930 

Height, 67 5 inches Weight, 187 pounds Surface area, 1 98 square meters 


Ideal weight 'i 


Ideal weight, 151 pounds 


Weight factor 


Actual weight 

0 + — i — 


Diagnosis Normal 

Temperature of spirometer, 27 C Barometer, 754 mm Hg 

(1) Factor for temperature and barometer, 0875 

(2) Factor for spirometer, 1 cm = 1 59 liters 

(3) Corrected factor for spirometer, (1) X (2) =139 
Vital capacit}, 3 82 liters 


Vital capacity per square meter, 1 93 liters 


= 090 




Exercise I 

Exercise II 

Exercise III 

Exercise IV 

Spirometer difference 

51 4 cm 

69 9 cm 

77 7 cm 

115 8 cm 

lotal lentilation 
Total ventilation 

per square 

71 5 liters 

97 2 liters 

107 9 liters 

161 0 liters 

meter 

Ventilation 


36 1 liters 

49 1 liters 

54 5 liters 

81 3 liters 

Vital capacity 

Ventilation index 

Ideal v-eivUt 

18 7 liters 

25 4 liters 

28 2 liters 

42 1 liters 

Ventilation ^ , 

Actual V eight 

16 8 liters 




Vital capacity ^ 

2 

22 9 liters 

25 4 liters 

37 9 liters 


'The Venhlatwii Index iu Patients with JAaiwus Diseases — The 
Ventilation Index in Subjects with Cardiac Neurosis Six persons were 
studied All of them had symptoms referable to the heart without 
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Tablc 12 — rite Ventilation Index tn Patients with Eaily Caidiac Disease 
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demonstrable cardiac abnoimality by physical, roentgenologic or electro- 
cardiographic symptoms Their vital capacities and their ventilation 
per square meter were within normal limits For exercise I, their 
ventilation indexes u ere all below 20, and f oi exercise III and IV, were 
below 30 and 40, respectively Foi exeicise II, only 1 subject showed 
an index above 25 

Mention may be made of ceitain clinical features that were noted 
in connection with the tests m these subjects The dispioportion 
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fig 3— With ver> few exceptions the indexes for ventilation for the various 
exercises are at or above the upper normal limit m subjects with early cardiac dis- 
ease (crosses) and at or below the upper normal limit in subjects with cardiac 
neurosis (dots) 

between the apparent and the subjective distress was sometimes striking 
Howe\er, we do not believe that these patients were malingering, but 
that they actually felt more dyspneic than did normal subjects under 
the same conditions Another interesting feature is the fact that 2 of 
the 6 subjects refused to complete the test No other patient has done 
this , e\ en those with advanced cardiac disease have been willing to do 
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what they were asked to do, although subjects with cardiac decompensa- 
tion have not, of course, been requested to perfoim any but the mildest 
exercises 

The Ventilation Index m Subjects \Mth Early Cardiac Disease Ten 
persons were studied These patients had conditions representing 
various types of organic cardiac disease m the eaihest stages m which 
a definite diagnosis could be made Several of them had no cardiac symp- 
toms, and several had no cardiac enlargement ascei tamable by physical 
or by roentgen examination None of them had evei had congestive 
failure Their vital capacities were normal m 7 instances and reduced 
in 3 Their values for ventilation per square meter (table 12) were 
increased as compared with those of the normal subjects (table 2) m 
about half of the cases The ventilation indexes weie distributed as 


Table 13 — The Ventilation Index in Subjects Who Had Picvwnsly Had 

Congestive Caidiac Faihne 


Exercise I 



Height, 

Weight, 

Vital 

Capacity 

per 

Square 

Meter, 

Ventila- 
tion per 
Square 
Meter, 

1 

Ventila 

tion 


Subject 

Inches 

Pounds 

Liters 

Liters 

Dyspnea 

Index 

Comment 

R B 

Go 5 

105 

174 

49 3 

+ 

32 9 

Syphilitic aortic insufiS 
ciency, one “break” 

E 6 

66 0 

118 

3 57 

49 2 

+ 

34 4 

Sjphilitic aortic msuffi 
ciency, three “breaks” 

W C 

70 5 

148 

182 

62 0 

j- 

36 3 

Hypertension, four 
“breaks” 

W S 

67 5 

135 

1 85 

40 6 

0 

22 5 

Hypertension, one 
“break" 

T R 

70 0 

133 

2 64 

80 6 


33 5 

Hypertension, aortic m- 
sufBciency, four 
“breaks" 

J A 

68 0 

118 

1 78 

60 2 

0 

37 3 

Auricular fibrillation, 
four “breaks” 


follows (a) just below the upper normal limit, 1 case, (b) at the upper 
normal limit, 1 case, (c) above the upper normal limit, 8 cases From 
these data it seems clear that the great majority of patients with even 
very early cardiac disease have an increased ventilation index 

In figure 3 the ventilation indexes of these patients are compared 
with those of persons with cardiac neurosis The difterence is striking 
A few borderline values were obtained, but this is to be expected when 
one IS dealing with disease in very early stages 

The Ventilation Index in Subjects with Congestive Cardiac Failure 
In table 13 are shown observations in 6 cases m which there had pre- 
viously been decompensation, but in which there was compensation 
when the test was performed For exercise I, 5 of the 6 subjects had 
values above 30 for the ventilation index (average normal, 17 4, upper 
normal limit, 20) The sixth subject had a value only slightly above 
normal He had had only one “break” in compensation , most of the 
others had had several “lireaks ” 
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The results in subjects with congestive caidiac failure at the time 
of the test are sho^^n in table 14 The vital capacity was decreased, 
and the ventilation per square meter w^as increased in every instance 
The ventilation indexes w^ere greatly increased A comparison of tables 13 
and 14 indicates that the v entilation index is a moi e accurate measure of 
the patient’s state than is the vital capacity Four subjects (T R , J A , 
W C and W S ) are listed in both tables In each of them the ventila- 
tion index changed more with the restoration of compensation than 
did the vital capacity 

The prognostic value of the v’^entilation index is shown in figure 4 
In the patient w'ho improAed, the v^entilation index steadily decreased, 
whereas, a rising v^entilation index occurred in the subject who died 
Changes in body weight and in vital capacity are also plotted In these 


Table 14 — The Vcntilafion Index tn Subjects with Congestive Heait Failme 


Exercise I 

J L 


Subject 

Heifcht, 

Inches 

Weight, 

Pounds 

V It'll 
Cipacity 
per 

Squire 

Meter, 

Liters 

/ 

Ventila 
tion per 
Squire 
Meter 
Liters 

A 

Dj spnea 

V’^entili 

tion 

Index 

Comment 

T R 

70 0 

144 

1 94 

83 2 

+-1 — f- 

47 3 

Hjpertension, aortic 

J 4 

60 0 

131 

1 4S 

89 6 

+ + -r 

53 0 

insufiBciency 

Auricular fibrillation 

S W 

60 0 

233 

1 07 

55 4 

+ -^ 

37 3 

Hypertension, aortic 

S P 

64 0 

lol 

1 4S 

52 0 

+ + 

35 1 

msufl3ciencj 

Hypertension 

M G 

02 0 

ISO 

1 15 

60 7 

“fs- 

52 8 

Hypertension 

14 C 

70 5 

16S 

1 44 

72 4 


49 8 

Hypertension 

w s 

07 5 

147 

1 02 

47 6 

+ 

29 7 

Hypertension 

J L 

09 0 

130 

1 20 

60 7 

++ + 

50 6 

Hypertension, 

P t 

60 0 

127 

1 00 

70 0 

+ -^ 

46 4 

emphysema 

Rheumatic, aortic and 


mitral endocarditis 


subjects the vital capacity w'^as of no prognostic value The body weight 
paralleled the ventilation index in one subject, but not in the other 

(In patients with cardiac insufficiency only the data for exercise I 
haxe been presented In most of the instances this was the only exercise 
performed because the patient was too short of breath to do more 
How ever, a number of these patients performed exercise II as well As 
the results are entirely m accoid wnth those obtained from exercise I, 
being at a corresponding but higher level, they are not presented 
Patients wnth moderately or far advanced caidiac disease weie nev^er 
requested to perform exercise III and IV) 

The Effect of Respiratory Obstruction Experiments have been 
carried out on normal subjects under a number of different conditions 
and on patients wuth various diseases, and the general principle that 
^nall =deg’i'ee of dyspnea has seemed to hold true in all instances 

except in subjects wnth respirator}?^ obstruction (patients with cardiac 
neurosis are also an exception if one accepts their statement as to 
dyspnea, but not if the objectiv’’e evidences are relied on) 
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Respiratoiy obstiuction was produced in two normal subjects by 
inserting coiks with holes of 4 mm in diameter into the inspiratory 
and expiiatory valves As can be seen from table 6, these subjects 
suftered from consideiably more than their usual respiratory distress in 
perfoimmg the vaiious exeicises Although the dyspnea was greater, 
all the values for ventilation per square meter and for were 

lower than when these subjects performed the same exercises under 
noimal conditions Therefore, it is evident that respiratory measure- 
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Fig 4 — Ventilation index m two subjects In neither subject was there a 
striking change m the vital capacity Improvement was associated with loss of 
weight and diuresis in W S , but there was no constant tendency for R C to gain 
weight as he became worse In both subjects the change in weight was relatively 
slight The direction of the change of the ventilation index was a reliable prog- 
nostic guide in both cases 

ments such as those we have earned out furnish a misleading index 
to the degree of dyspnea m subjects with respiratory obstruction 

The Ventilation Index in Subjects with Hyperthyroidism and in 
Subjects with Anemia As can be seen from table 15, patients with 
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hypeithyroidism and anemia showed values somewhat above the noimal 
This was to be expected m hyperthyroidism as this disease when of 
severe degree may be considered as being always associated with eaily 
caidiac disease The patients with anemia showed hemoglobin values 
of 50 or below No cases of mild anemia weie studied Although, 
accoiding to Cabot, severe anemia may be associated with caidiac 
enlargement, none of our 3 cases shov/ed evidence of this It seems likely 
that severe anemia per se causes an mciease in the ventilation index 
If the test is to be used to detect cardiac disease, it is evident that one 
must fiist be certain that the patient is not anemic 

COMMENT 

From the data that have been piesented, it seems clear that when 
there is no obstiuction to breathing, subjective lespnatory distress 
(dyspnea) on exertion is dependent on three factois These are (1) 
the volume of the ventilation, (2) the vital capacity, and (3) the 
sensitiveness of the psyche The third factor is unimportant except 
in neurotic persons It is evident that, as Peabody pointed out, one feels 
short of breath when his breathing is greater than a ceitain fraction of 
his maximum ventilation 

The actual dyspnea is dependent not only on the piesence oi absence 
of disease of the various organs concerned m internal and external 
lespiration, but also on the nutiitional status By means of appropriate 
correction, however, it is possible to eliminate more or less from con- 
sideration differences m nutrition and to obtain figures which are some- 
what proportional to the degree of functional alteiation of the heart 
or other portions of the respiratory-circulatory appaiatus However, it 
should be noted that the actual distiess and the actual respiiatory meas- 
urements were the same in obese persons with normal hearts as m 
subjects with early cardiac disease and normal nutritional status This 
fact indicates the great importance of reducing the weight of obese 
patients with cardiac conditions 

We believe that the ventilation index affords a fairly accurate objec- 
tive answer to the question “How short of breath are you 7” For this 
reason it seems a better guide to cardiac function than other tests that 
have been devised It seems probable that the test will be of some value 
m measuring the effect of various therapeutic measuies, such as the 
administration of digitalis, in patients with different types of cardiac 
disease m various stages of development 

The question arises as to whether, aside from research, the measure 
is of practical value Our experience with the test is not yet sufficiently 

4 Cabot, Richard C Facts on the Heart, Philadelphia, W B Saunders 
Company, 1926, p 470 
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broad to allow an} certain answer to this question The observations 
that ha\ e been reported for patients with cardiac neurosis and for those 
with ver} earl} cardiac disease suggest that the method may be of some 
diagnostic as well as prognostic value Studies along this line are in 
progress 

SUMMARY 


1 A senes of standard exercises has been described during and 
after which the ventilation was measured 

2 D}spnea is directly (but only roughly) propoitional to the 
ventilation pei square meter 

3 Dyspnea is inversely proportional to vital capacity, but again 
the agieement is rough 

4 The degree of dyspnea is fairly closely proportional to the 


expression 

r* 

0 


\ entilation 


^ ital capacitj 

The actual dyspnea is greater in obese subjects and often less in 
lery thin subjects than m persons of normal nutritional status The 

ideal weight ' 


expression 


\ entilation 
Mtal capacity 


X 


1 + 


actual weight 


has been denoted as the 


\ entilation index and the values for this are relatively independent of 
the nutritional state 

6 The ventilation index is usually normal m subjects with cardiac 
neurosis 


7 The ventilation index is usually slightly above normal in sub- 
jects with eaily organic cardiac disease, and is very much above normal 
in patients who have or who have had congestive failure 

8 The ventilation index is also increased in persons with diminished 
Mtal capacities from pulmonary disease, in subjects with hyperthy- 
roidism and in patients with severe anemia 

9 The test is useless and actually misleading in persons with 
respiratory obstruction 



THE STAFF COUNT 

ITS IMPORTANCE IN ACUTE INFECTIOUS DISEASE 

ARTHUR WEISS, MD 

NEW YORK 

The publications of Aineth in 1904 came as the lesult of the impetus 
given to the study of hematology b} the mtioduction of Ehrlich’s blood 
stains Up to his time moiphologic studies had been more or less 
limited to hematologic conditions While studying the nuclear stiuc- 
tuie of the neutiophils in infection, Arneth ^ found that there seemed 
to be a constant lelationship between the seventy of the infection and 
the number of nonsegmented neutrophils If the infection was very 
seveie, neutrophils with thiee, four oi five-lobed nuclei would disappeai, 
to be replaced by otheis mth nonsegmented nuclei With the abate- 
ment of the infection, the nonsegmented neutrophils would rapidly be 
replaced by the niatuie forms His latei observations on the othei 
leukocytes, though painstaking and correct, nevei leceived confirma- 
tion Even his neutrophilic subclasses, though widely employed over an 
extended period of time, weie never universally adopted Schilling, - 
finding this classification cumbeisome and impi acticable, oftered the same 
information in a simplified and more piacticable foimula Instead of 
the numerous subclasses of neutrophils that depended on the shape and 
number of nucleai segments, he combined all of the segmented forms 
into one group called the segmented, and all of the nonsegmented into 
“jungkeinige” and “stabkernige ” The ‘'stabkernige” foim was an 
immature neutrophil, the nucleus of which, though nonsegmented, was 
thin and assumed many forms The “jungkernige” foim, however, 
usually was sausage-shaped and showed no indication of oncoming seg- 
mentation Fuithermoie, instead of sepaiately classifying 100 neutro- 
phils, he included them in the differential count 

Since the appearance of my preliminary report in 1927 ® on the 
newer hematologic aspects of the neutiophils in infection, the study of 
the morphologic stiucture of the leukocytes has been continued During 
the past five yeais, about 20,000 blood smeais taken fiom patients with 

Submitted for publication, Dec 3, 1930 

From the Hematological Laboratory of Beth Israel Hospital 

1 Arneth, cited by Khnkhardt Qualitative Leukocytose, 1920, vol 1, p 2 

2 Schilling, V Das Blutbild und seme klinische Verwertung, ed 4, Jena, 
Gustav Fischer, 1924, vol 3 , Biologische Leukocytenkurven, Deutsche med Wchn- 
schr 50 1583, 1924 

3 Weiss, Arthur Am J M Sc 174 45 (July) 1927 
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a laige variety of medical and surgical infections were examined Com- 
plete examinations of the blood were carried out daily m most cases 
When deemed necessary, examinations weie made even moie fiequently 
These blood counts were usually taken between 9 and 11 a m, and 
w^ere timed so that tests were usually obtained from the same patient 
at the same time Blood films were stained according to the Jenner- 
Giemsa method, and a differential count of 200 or 300 cells was usually 
performed 

The followung cases demonstrate the employment of this foimula 

REPORT or CASES 

Case 1 — G S , a woman, aged 21, was admitted to the medical service of Beth 
Israel Hospital on Jan 10, 1929, complaining of cough, fever and pain in the right 
side of the chest She had gone to bed complaining of lassitude and slight head- 
ache, and was aroused from a deep slumber because of a sudden, sharp, lancinat- 
ing pain in the right side of the chest She found that she had fever, and that she 
breathed wnth difficulty 

On ph 3 'sical examination, the patient appeared to be acutely ill Examination 
gave negative results except for local signs in the chest There were fine, moist, 
intrapulmonarj' rales and pleural friction sounds There was a diminished and 
distant respirator}^ murmur over the right side of the chest anteriorly Breathing 
w'as bronchovesicular Four days later, tubular breathing w'as elicited over the 
right side of the chest, anteriorly and posteriorly The heart sounds were regular, 
although somewhat distant On admission, the temperature was 105 4 F , the 
pulse rate, 128, and the respiratory rate, 30 During the patient’s illness, the pulse 
rate rose to 150 She w'as critically ill and toxic for one week, and the prognosis 
seemed poor 

Urinalysis revealed a specific gravity of from 1 010 to 1 036, a trace of 
albumin and a few white blood cells A roentgenogram of the chest showed 
consolidation at the base of the left lung, there was compensatory emphysema 
of the left lung 

This patient had lobar pneumonia and clinically was veiy toxic As 
the toxicit}^ started early in the disease and increased as the disease 
progressed, the piognosis seemed extremely poor From table 1 it 
can be seen that whereas the wdnte blood cells were but slightly 
increased, the percentage of neutrophils, especially that of the staff 
cells, was high (70 per cent) In spite of the extreme toxicity, 
repeated examinations of the blood soon showed, by means of a gradual 
drop m the percentage of stafl: cells, that the patient would recover 
Figure 1 shows the paiallel use and descent of the curves for the neu- 
trophils and the staff cells Another point of significance can be noted 
b} examining the counts of January 11, 14 and 15 The total leuko- 
C}te count on these thiee days is of but slight significance Although 
Januar} 11 was the da} preceding the high level of the staff count and 
January 15 the da} showung a marked decrease in the staff count, all 
three da}s showed a neutrophil count above 90 per cent If, therefore, 
one were to judge by the leukocyte and neutrophil counts, one would 
miss the evident action of the immature cells 
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Fig 1 (case 1) — Graph showing a sharp rise in the staff count before, and a 
decisive fall and return to normal after, the crisis The percentage of poly- 
morphonuclear neutrophils shows a similar though slower reaction 


Table 1 — Res^llts oj Exainmo'tions oj ihe Blood m Case 1 
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1/14 
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8 

10,200 

95 
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70 

25 



6 

16,200 

91 

9 


27 

64 



8 

18,600 

89 

11 


21 

68 



8 

18,200 

86 

14 

2 

12 

74 



4 

21,000 

75 

25 


9 

66 



17 

14,500 

62 

38 


6 

53 


3 

36 

11,200 

53 

47 


3 

47 


1 

43 
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1 

3 
8 
8 
2 

4 


Comment 


Marked degeneration oi 
neutrophils 


* There was severe stimulation of the bone marrow, the staff cells rising as high as 70 per 
cent at the crisis The number of leukocytes and the percentage of polymorphonuclears are of 
relatively minor importance 
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C\SE 2 — I S , a man, aged 41, \\as admitted to the hospital on Nov 25, 1929, 
with the complaint of fever He had been operated on for acute appendicitis on 
October 27 At that time general peritonitis and bronchopneumonia had developed 
After a stormy course, his temperature had dropped, the wound had closed, and he 
had been discharged from the hospital as cured During his first night at home 
his temperature rose to such a degree that a physician who was called advised his 
immediate return to the hospital Thus, a week after his discharge he was read- 
mitted, appearing pale but not otherwise ill The abdominal wound was not com- 
plete!} healed, but m spite of tenderness over the area of the wound, it did not 
show" abnormality There were diminished resonance and voice sounds, w'lth 
distant breath sounds over the lower lobe of the right lung below the level of the 
eighth rib Aboie this level there was a small area throughout which the voice 
sounds w'ere somew'hat louder than normal On admission, the temperature was 
102 6 F , and during his stay m the hospital it rose as high as 104 F A roent- 
genogram of the chest taken on November 26 showed mild congestion of both 
lungs, with interstitial changes in the base of the right lung, productive changes 



Fig 2 (case 2) — Graph showing a precipitate rise m the staff count immedi- 
ately after operation The peak of the rise (54 per cent) was reached three days 
after operation, the count dropped to 9 per cent on the day of discharge On 
readmission, there was a rapid rise m the immature cell count (43 per cent) 
within eleien days The level remained high for one week and then gradually 
returned to normal 


at the roots of both lungs and generalized enlargement of the cardiac shadow 
Repeated aspirations of the right side of the chest yielded some broken-down 
tissue and a small amount of fluid, examination of which showed streptococci On 
December 6, a costal resection w’as performed and a subphrenic abscess was found 
The abscess was drained, and 3 ounces of pus were evacuated On December 18, 
thoracotom} w'as performed for empyema, and 30 ounces of fluid were evacuated 
A smear of the thoracic fluid showed streptococci m long chains Cultures of 
the blood repeatedly gave negative results 

Table 2 demonstrates that examination of the blood showed a slight 
reaction of the bone marrow The examination performed the day 
after operation, however, showed a marked increase in the staff cells 
The patient’s postoperative course was extremely turbulent, the imma- 
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ture cells rising as high as 54 per cent There was a concomitant 
decrease in the hemoglobin and the erythrocytes The neutrophils 
showed marked toxic degeneiation Twenty-two days after appendec- 


Table 2 — Results of E\ammahons of the Blood in Case 2 
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* The blood picture mas normal except for a slight leukocytosis, -which became much -worse 
the day after appendectomy The staff count held its high le-yel until shortly before the 
patient’s discharge Immediately after readmission, however, the staff count started to rise 
and increased even after costal resection At the time of the thoracotomy for empyema, the 
level of the stafY cells had already started to descend 


tomy, the patient was discharged as apparently cured Eight days later 
he was readmitted The chart shows a gradual but progressive increase 
in the immature neutrophils during the first week after the second admis- 
sion Costal resection, which was performed on December 6, revealed 
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a subphrenic abscess Examination of the blood on the following day 
showed a marked increase in the immature cells Twelve days later 
thoracotomy w'^as performed, and 30 ounces of pus was removed At 
this time the blood picture showed a slow but progiessi\e decrease in 
the immature neutrophils Thirty-seven days after the thoracotomy, an 
examination of the blood showed a noimal leukocyte count, a noimal 
staft count and an increase in the lymphocytes Figure 2 show's a pre- 
cipitate rise m the staff cells and a gradual leturn to normal, with 
recovery The second part of the giaph shows the rapid use and the 
sustained level of the staft cells for a period of three w'eeks Costal 
resection apparently had no influence on the curve Whereas the 
percentage of neutrophils w'as irregular and high, the staff count 
began its return to normal even before there were any signs of clinical 
improvement 

Case 3 — I M , a woman, aged 38, was admitted to the medical service of Beth 
Israel Hospital on April 22, 1930, with a condition diagnosed as acute diverticulitis 
Her chief complaints were severe abdominal cramps, weakness, anorexia and dry- 
ness of the mouth and lips Four days before admission, following her usual 
supper, the patient felt slight epigastric pain, to which she paid little attention 
The continuation of this pain caused her to sleep poorly In the morning, shortly 
after arising, she was seized with moderately severe abdominal cramps, and there- 
fore did not eat breakfast or luncheon In the afternoon she attended a clinic to 
have an infected finger dressed On her way home, she was seized with an attack 
of severe, generalized, abdominal cramps, and barely managed to reach her home 
She vomited soon afterward and had considerable gaseous eructation The cramps 
continued irregularly for the next three days Slight relief was obtained from an 
enema, which yielded a moderate fecal return There were nausea, retching and 
gaseous eructation During this time, the patient was under medical care and 
received a great deal of medication She had had no bowel movements for three 
days before the onset of the illness At no time had the patient noticed blood in 
the stools , she gave no history of chills, jaundice or melena Because of the 
increasing weakness and anorexia, hospitalization was considered imperative For 
many jears the patient’s diet had consisted mainly of vegetables and dairy foods 
The bowels had always been sluggish, and purgatives had frequently been 
necessary 

Physical examination revealed the patient to be poorly nourished, anemic, 
sunken-eyed and dehydrated , she was lying m bed, moaning, and appeared acutely 
ill Examination of the chest showed some dulness, with diminished breath and 
V oice sounds ov'er the base of the right lung in the axillary region The abdomen 
was rounded and somewhat distended Palpation revealed a slight generalized 
rigiditj, which was probably a little more marked in the right upper quadrant 
There was also generalized tenderness In the right upper quadrant of the 
abdomen there was a resistance suggestive of an indefinite mass The abdominal 
reflexes were not elicited There was an infection of the distal end of the second 
finger of the left hand A roentgenogram of the chest did not show consolidation 
or infiltration of either lung, pleural changes or deviation of the mediastinal con- 
tents On admission, the temperature was 101 6 F , the pulse rate, 112, and the 
respiratory rate, 30 During the week that the patient remained m the hospital, 
the temperature gradually rose to 104 5 F , the pulse rate to 150 and the respiratory 
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rate to 56 The urine showed albumin, a few granular casts, a moderate number of 
white blood cells and a few red blood cells Cultures of the blood were repeatedly 
negative , the sedimentation rate was repeatedly as high as 68 per cent 

Table 3 shows that theie were a moderate anemia and a marked 
increase m the number of leukocytes, with a marked increase in the 
neutrophils and staff cells Theie was a concomitant decrease in the 
lymphocytes and monocytes Perusal of figtiie 3 also shows that there 
was a sustained high level of the neutrophils and staff cells 

Repeated surgical consultations weie invited, but the surgeons did 
not believe that a definite lesion of any abdominal visceia could be 
found They therefore weie of the opinion that the condition did not 
call for suigical inteivention The medical men, however, taking into 



Fig 3 (case 3) — Graph showing the curve of the staff cells and polymor- 
phonuclears , there was no tendency to return from their elevated level to normal 


Table 3 — Results of Examinations of the Blood m Case 3^ 
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degeneration of 
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* In addition to a high leukocyte and polymorphonuclear neutrophil count, there was a 
high and progressively increasing staff count 


consideiation the patient’s history, the physical findings of a suggestive 
mass in the right upper quadrant of the abdomen, the laboiatory obser- 
vations of an exceedingly high late of sedimentation and lepeated exami- 
nations of the blood indicating pus, were of the opinion that a condi- 
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tion requiring surgical attention was present in the euA ii ons of the liver 
The patient died, and a subhepatic abscess was found post mortem 
In this case, the presence of a high staff count, which showed no ten- 
denc) to deciease to noimal, and the presence of physical signs pointing 
to disease in the right upper quadrant of the abdomen, should, I believe, 
have been sufficient to warrant operative inteivention 

Case 4 — C S a man, aged 50, was admitted to the hospital on Dec 13 1929 
On admission, his chief complaint was pain m the left lower quadrant of the 
abdomen of twelve da} s’ duration Twelve days prior to admission, he had had 
a sudden attack of sharp, Shooting pain in this region, occasionally radiating 
across to the opposite side of the abdomen The pain was not related to the inges- 
tion of food, exertion or posture Accompanying these attacks of pain, his tem- 
perature had risen to between 101 and 103 F During this period, the patient had 
had few intervals that were free from pain During the attacks of pain, the 
abdomen had become swollen in the lovver quadrant and tender to touch After 
several days he had had slight pain on defecation After proctoscopy the patient 
had passed a bloody stool Pain in the left lower quadrant of the abdomen had 
persisted unabated Eight days before admission, following an enema, the patient 
went into collapse He had marked weakness, a rapid pulse, marked dyspnea and 
pallor There was a history suggestive of a similar attack almost a year before 
admission, which stopped spontaneously after three or four days 

On phvsical examination, the patient was found to be well developed and 
moderatelv obese , he complained of pain in the left lower quadrant of the 
abdomen He did not look acutelj or chronically ill The temperature was 99 F , 
the pulse rate, 92, and the respiratory rate, 22 , the blood pressure was 116 systolic 
and 80 diastolic Examination of the chest gave negative results There was a 
marked bulge m the lower part of the abdomen, particularly toward the left, with 
marked tenderness and slight rigidity over the entire abdomen There was a large, 
palpable mass, mainly to the left of the midline, extending from 5 cm above the 
umbilicus almost to the symphysis Genito-urinary examination gave negative 
results A roentgenogram of the colon showed no obstruction to the inflow of 
barium the column passed rapidly to the cecum There was spasticity of the 
sigmoid and the descending colon, with intermittent filling 

Urmalvsis revealed a specific gravity of 1024, acetone of 3-|-, a few red blood 
cells, occasional white blood cells and occasional hyaline and finely granular casts 
The rate of sedimentation was 15 per cent Examinations of the blood on Decem- 
ber 13 and 14 showed, respectively red blood cells, — and 5,310, hemoglobin, — 
and 91, white cells, 65,000 and 66,200, metamyelocytes, 6 and 5, staff cells, 25 
and 31 , sigmented neutrophils, 57 and S3 , basophils, 1 and 2 , eosinophils, 0 and 4 , 
Ivmphocjtes, 2 and 4, monocytes, 1 and — , and myelocytes, 8 and 4 Toxic degen- 
eration of the neutrophils was noticed at the first examination and marked aniso- 
cvtosis at the second The patient was operated on on December 14, and a large 
pensigmoid abscess was found The sigmoid and small intestines were matted 
together and adherent to the peritoneum 

This case is of interest because it demonstrates that the blood pic- 
ture IS far moie reliable in indicating the condition of a patient than 
his appearance When I visited this patient before the operation, he 
sat in bed smoking a cigar, being barely inconvenienced by pain No 
one who saw this man so comfortable and apparently healthy could have 
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believed that he would die on the following day because of a pathololgic 
process that he was harboring at that moment However, an exami- 
nation of the blood revealed the extieme seriousness of his condition 

Case S— H K, a woman, aged 61, was admitted to the ward at Beth Israel 
Hospital with a condition diagnosed as cholecystitis and cholelithiasis Her chief 
complaints w'ere abdominal pain and vomiting The onset of symptoms had been 
sudden, with sharp, excruciating pain m the right upper quadrant, w^hich radiated 
to the back A few^ hours later she vomited some greenish fluid A physician 
who was called in found the patient’s temperature to be 101 2 F , and he pre- 
scribed medication to relieve the fever and pain Three days later, on the day 
prior to admission, the patient experienced another attack The temperature rose 
to 102 F , and hospitalization w'as advised Fourteen years before, the patient had 
had “gallbladder trouble” She had had her last attack eleven years before 
Although she had had no definite attacks since, she was never absolutely sjmp- 
tom-free Her regimen had consisted of a lactovegetarian diet and of Carlsbad 
salts taken daily She had never been jaundiced 

Physical examination revealed the patient to be acutely ill The skin was moist 
and slightly icteric There w'ere a few scattered rales at the base of both lungs 
Abdominal examination show'ed generalized tenderness, w'hich w'as most marked 
in the right upper quadrant Rigidity and tenderness of the right upper quadrant 
apparently covered a mass that seemed to extend to the umbilicus On admis- 
sion, the temperature was 104 F , the pulse rate, 112, and the respiratory rate, 24 
The blood pressure was 105 systolic and 70 diastolic A roentgenogram of the 
chest showed the right side of the diaphragm to be elevated though freely movable 
The urine contained albumin, 4 -f-, and many white blood cells and granular casts , 
It was positive for bile Surgical consultation was requested on the day of admis- 
sion and the consultant advised observation 

Examination of the blood revealed red cells, 4,340,000, hemoglobin, 80, white 
cells, 13,000, metamyelocytes, 6, staff cells, 27, segmented neutrophils, 47, lympho- 
cytes, 14, and monocytes, 6, there was marked degeneration of the neutrophils 

Operation performed on the following day disclosed a large amount of bile m 
the peritoneal cavity and a ruptured gallbladder, with a stone in the gallbladder 
and in the cystic duct With the blood picture showing 33 per cent of neutrophils, 
the patient should have received surgical care immediatelj’’ 

COMMENT 

What IS the morphologic condition of the blood m acute infections, 
and what is revealed by a careful inspection of that mirror of physio- 
logic and pathologic processes^ Years ago it was taught that every 
infection resulted m leukocytosis and an increase m the polymorphonu- 
clear leukocytes To this was added the corollary that the higher the 
number of leukocytes, the greater was the patient’s lesistance against 
the invading organism, whereas the higher the percentage of neutro- 
phils, the severer was the character of the infection If the leukocytes 
weie comparatively low m number and the percentage of neutrophils 
was high, the infection was supposed to have overpowered the patient’s 
resistance, and usually terminated fatally Thus, with the total value 
of the leukocytes as an index of resistance and the percentage of neutro- 
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phils as an index of infection, the part of all the other leukocytic elements 
was considered passive Any increase or deciease in these cells was 
supposed to depend on a concomitant change in the neptiophils The 
monocjdes, considered by Ehrlich and Naegeh ^ as nongranulai cells ot 
myeloid origin, were believed to react biologically m direct proportion to 
any change in the neutrophihs The lymphocytes, on the contrary, 
though passive, acted in indirect proportion to any change in the 
neutrophils 



Fig 4 — Photomicrographs of neutrophilic leukocytes A, a myeloblast, B, 
a metamr elocyte , C, forms of staff neutrophils, and forms of segmented 
neutrophils 

As long as the interpretation of the observations of the blood in this 
series of cases was governed by these beliefs, numerous were the appar- 
ent discrepancies Careful observations of numerous and serial exami- 
nations of the blood have encouraged the stand that although the 
neutrophils i effected in the blood stream in the course of any infection 
are an important unit m the reaction, they are not the sole active par- 

4 Naegeh Blutkrankheiten und Blutdiagnostik, ed 4, Berlin, Julius Springer, 

1923 
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ticipants Instead of the invading agent, by means of its toxins, exert- 
ing a chemotactic foice lesulting in a neutrophilia, there is a definite chain 
of coordinated biologic components, each unit appearing on or leaving the 
centei of the stage at a definite cue As each cellular system is called on 
to act, the otheis almost automatically recede into the background, to 
reappear when necessary Thus, the bone marrow, the reticulo-endo- 
thelial system and the lymphatic system are called into action 

The first system to be drafted into service with the onset of an 
acute infection is the neutrophil The bone marrow, which has been 
steadily at work manufacturing its usual quota of segmented neutrophils 
(from 70 to 75 per cent) and nonsegmented or staff cells (from 3 to 5 

Table 4 — Classification of Infections Accoiding to the Peicentage of the 

Staff Cells* 


Kcutrophils 

.A 



O 







* 






>. 





to 

0 




o 

o 

« 

3 

&: 

CJ 

40 

o 

O 

o 

O 

'S 

a 

C3 

4-3 

stair Cells, 
per Cent 

C.) 

•4040 

ss 

so 

to M 

0 c> 

CQ 0 , 

Basophils, 
per Cent 

Eosinophils 
per Cent 

Lymphocyt 
per Cent 

Monooj tes, 
per Cent 


Normal 

Trom 5,000 



3 to 

60 to 

0 5 to 

2 to 

20 to 

4 to 



to 9,000 



5 

70 

1 

5 

SO 

8 


1 Mild 

9,000 


1 

5 

68 



20 

6 


2 Moderate 

10,200 


2 

10 

67 



20 

1 


3 Severe 

28,400 


1 

33 

50 



15 

8 


4 Very severe 

36,400 



41 

47 



10 

2 

Patient died 


13,000 



79 

17 



4 


Patient died 


4,000 



59 

17 



24 


Patient died 


* The average blood pictures to be found in acute infections of varying seventy are 
tabulated As a rule, a severe infection ■will pass through all of the indicated stages from 
the height of the illness to the period of recovery The three examples employed in the fourth 
phase died because of overwhelming infections 


per cent) , is suddenly called on to furnish more cells If the demand is 
mild, the bone mariow is able to increase its shipments, and there is a 
lesultant increase in the leukocytes in the form of mature neutrophils 
The nonsegmented or staff neutrophil may or may not be slightly 
increased However, when the call on the bone marrow is too great 
for Its normal productive forces, a moderate to marked increase in the 
staff forms occurs This increase depends on the severity of the infec- 
tion Often at the crisis in a case of pneumonia, the staff cells may be 
as high as 70 per cent or more of the entire number of leukocytes 
While this neutrophilic phase is in action, one observes that all of the 
eosinophils have left the circulation, that the monocytes are also gone 
or are present in very small numbers, and that the lymphocytes have 
decreased to from 1 to 10 per cent With the surgical removal of the 
infectious focus, or the repulsion of the bacteria by the human host, the 
neutrophilic phase suddenly leaves the center of activity and is replaced 
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by monocytes Though this cell was at one time believed to be of mye- 
loid origin, because of its biologic reactions and supravital staining 
affinities, numerous investigators have agreed that it actually represents 
a definite cellular system of hematopoiesis As a rule, the monocytes 
are showered into the blood stream at the moment the peak of the staff 
cells starts to i ecede In chronic and subacute cases, however, the mono- 
cytes will be found in increased numbers until the period of convales- 
cence The monocytic phase is of short duration, and unless the blood 
IS examined at frequent intervals during the crisis, this phase will be 
missed The last system to be called into play is the lymphatic The 
lymphocytes, which during the height of the infection drop from their 
noimal peicentage of between 25 and 30 per cent to between 1 and 10 
pel cent, gradually rise in number, and during convalescence will often 
be found to be present m numbers as high as from 50 to 60 per cent 
That the increase in the various cellular elements at these different 
intervals of an infection is not a passive process, dependent on an 
increase or a decrease in the number of neutrophils, can be seen by the 
signs of marked hyperactivity of the monocytes and lymphocytes Mono- 
C 3 tes showing vacuoles, phagocytosed remnants and mitoses are often 
encountered Lymphocytes also show then hyperactivity by the pres- 
ence of Rieder forms, Turck irritation cells and double nuclei 

SUMMARY 

A caieful leview of the data prepared from about 20,000 examina- 
tions of the blood performed during the past five years yields the follow- 
ing conclusions 

1 The leukocytosis caused by acute infections is primarily the result 
of stimulation of the bone marrow This reaction of the bone marrow 
IS a nonspecific, biologic phenomenon that depends not only on the t} pe 
of organism, but on the degree of irritation caused by bacterial toxins 
The neutrophilia thus brought about shows a varying percentage of 
immature or staff neutrophils, depending on the severity of the toxemia 
and the ability of the bone marrow to respond to it A careful morpho- 
logic examination of serial blood films taken during the course of an 
infection will demonstrate that 

(a) The peak of the staff count and the height of the infection 
usualty coincide 

{b) The peak of the staff: count drops as soon as the infectious pro- 
cess IS removed or overcome 

(c) The persistence of a high staff count usually means a compli- 
cation 

(d) The persistence of a high staff count may mean that the infec- 
tion IS becoming subacute or chronic 
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{e) The persistence of a high staff count without the possibility of 
removing the infectious focus usually indicates a fatal outcome 

(/) The presence of a high staff count early in the course of lobar 
pneumonia usually is indicative of a fatal outcome 

{g) The curve of the daily staff count is more accurate as an indi- 
cation of the course of the infection than the chart of the temperature 
(/i) The staff count is more leliable than the leukocytic or poly- 
morphonuclear count 

2 Concomitant with the sharp drop in the staff count are a sudden 
increase in the number of monocytes and a leturn of the eosinophils 
into the circulation 

3 In subacute or chronic infections, one finds a persistence of 
an elevated staff count with an increased number of monocytes and 
lymphocytes 

4 Lymphopenia, which is present during the neutrophilic phase of 
acute infections, is replaced by lymphocytosis during the period of 
convalescence and healing In subacute or chronic infections, the lym- 
phocytes are usually increased 

For those who employ this method of morphologic examination of 
the blood, it is extremely important to bear in mind that a single report 
of a high staff count does not spell a fatal prognosis (In case 1 the 
staff count rose as high as 70 per cent of the differential count, with 
eventual recover}'- ) Daily morphologic examinations of the cell are 
of inestimable importance, for it is on the curve that the prognosis of 
the case depends It must be remembered that the changes m the blood 
are always to be considered conjointly with the complete clinical find- 
ings It IS also advisable to bear in mind that outstanding changes in 
the blood cannot be disregarded because of the lack of clinical corrobora- 
tion Nevertheless, it is also true that a definite clinical picture cannot 
be negated by a lack of confirmatory hematologic observations Last, 
but not least, it must always be borne in mind that examination of the 
blood cannot always be employed as a means of diagnosis Although 
one usually finds a definite biologic chain of leukocytic interreaction in 
infections, every now and then, owing to some unrecognizable cause, the 
blood picture fails to indicate the patient’s condition One must not 
forget that even now the reason for the appearance of the various cells 
in the circulation is not known, and therefore no cause can be ascribed 
for their failure to appear These hematologic failures must not serr'-e 
to discourage the clinician or the laboratory worker, but should spur him 
on to deeper and more exact observations Careful serial morphologic 
examinations in which use is made of the neutrophilic subclasses are of 
inestimable value in the hematologic study of all infectious diseases 
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With the introduction of histamine as a stimulus to gastiic secretion 
it became necessary to revise preexisting ideas about gastric anacidity, 
since it was found that many people who failed to secrete free acid after 
a meal of bread, gruel or alcohol gave a normal or nearly normal 
response after stimulation by the more powerful agent In fact total 
inability of the stomach to secrete acid now appears to be an uncommon 
condition, which is m contrast to the older observations that indicated 
that anacidity was to be found in from 5 to 40 per cent of people without 
obvious gastric disease ^ 

During the past few jears we have studied the gastric secretion of 
about five hundred persons, with and without digestive symptoms, by 
means of the histamine test Failure to produce free hydrochloric acid 
(when tested with dimethyl-amino-azobenzene) occurred in the follow- 
ing conditions (1) invaiiably in cases of typical pernicious anemia, 
(2) frequentl) in cancer of the stomach, and (3) occasionally m the 
gioup of patients with diarrhea, anemia and stomatitis who may respond 
t} pically to feeding wuth liver as do patients with pernicious anemia In 
addition to the aforementioned cases, anacidity has been present in a 
certain number of people wuth oi wuthout mild digestive symptoms, 
and for lack of a better teim we have designated this condition as 
“unexplained anacidity ” This article deals with this disorder 

Tw^enty-five cases of unexplained anacidity have been encountered 
The frequency of this obsen'ation in relation to noimal findings cannot 
be stated, as we were dealing with miscellaneous material How^ever, 
most of the “unexplained anacidities” w'^ere detected incidentally during 
routine tests and were not anticipated on the basis of the symptoms 
presented by the patient Ceitainly the condition is an infrequent one 
Befoie classifying a case as “unexplained anacidity” eveiy attempt 
was made to eliminate other clinical explanations In no case was there 
sufficient eiidence to make one consider seriously the diagnosis of per- 
nicious anemia or cancer, and the patients w^ere not sufficiently depleted 

Submitted for publication, Dec 1, 1930 
* From the Department of Medicine Stanford University Medical School 
1 Keefer, C S and Bloomfield, A L The Significance of Gastric Anacid- 
it}. Bull Johns Hopkins Hosp 39 304, 1926 
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by febiile, malignant oi other giave disease to allow one to infei a func- 
tional inhibition of pioper secietion Furthermoie, in several cases 
repeated tests gave the same result Gastritis is a tempting term with 
which to label obscure gastric disorders, and its possible relation to the 
piesent group of cases will be discussed later However, none of the 
traditional causes that are alleged to lead to damage to the gastric mucosa 
were prominent in this series, namely, the excessive use of alcohol, hot 
01 spiced foods oi diugs 

Adequate solution of a pioblem such as the present one obviously 
depends on histologic study of the oigan the function of which has been 
examined mtravitam But the difficulties aie great when one considers 
the raiity of “unexplained” anacidity, and so fai none of our patients 
have come to anatomic examination There aie no convincing data in 
the hteiature, since as yet no one has repoited a senes of this soit in 
which the histamine test has proved that an abolition of gastric secretion 
really existed 

THE CLINICAL PICTURE OF ANACIDITY 

In view of the facts to be bi ought out by the analysis of our cases, 
it is necessary to mention briefly the symptomatology that has been 
associated in the hteiature with gastric anacidity While every writer 
has recognized the latent occurience of the condition, a certain group 
of phenomena have none the less been fiequently attributed to it, 
especially dianhea and mild symptoms of indigestion However, in a 
hundred consecutive cases of acidity tested with the Ewald meal, 
Keefer and Bloomfield ^ were unable to detect characteristic symptoms, 
although doubtless their series was inadequate as histamine had not 
been used and in many of the cases the patients surely would have been 
capable of secietmg fieely under the moie powerful stimulus 

METHODS AND MATERIAL 

As pointed out, the present series consisted of miscellaneous hospital 
patients, most of whom did not have a piimary digestive condition 
The tests were done as a routine, and many of the subjects were 
selected to serve in determining normal standards of gastric function 
In this group the discovery of anacidity was entirely unexpected 

The procedure 2 consisted of introducing a small tube into the 
stomach after the patient had fasted for at least twelve hours The 
fasting secretion was withdrawn, and 0 1 mg of histamine per ten kilo- 
grams of body weight was given hypodermically The secretions were 
then aspirated over successive ten minute periods As a rule, only a 
few cubic centimeters of mucoid material was obtained 

2 Bloomfield, A L, and Polland, W S The Diagnostic Value of Studies 
of Gastric Secretion, J A M A 92 1508 (May 4) 1929 
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RESULTS 

In the accompanying table the mam diagnostic facts of the series are 
summarized, but a number of points may be discussed in detail 

Age — A consideration of the ages of the patients immediately 
throws light on one of the important pioblems of anacidity Only two 
patients (cases 7 and 8) were undei 40 years of age The youngest 
patient m the series was 29 years old It appears that anacidity is not 
as a rule pui ely congenital Whether its development is due to external 
causes or whether some constitutional element enters in, cannot be said 
at present This point will be studied further 


Clinical Diagnoses of Cases of Anacidity 


Ca^c 

Age 

S(.\ 

Clinical Diagnosis 

1 

5S 

JI 

Tinnitus, congenital neurosj philis 

2 

50 

F 

Migraine, psyetioneurosis, undernutntion, anemia 

3 

42 

I’ 

Gas, constipation, mdeflnite abdominal pain 

4 

67 

M 

Artcriosclciosis, chronic prostatitis 

0 

75 

M 

Arteriosclerosis mj ocarditis 

c 

05 

M 

Pulmonary tuberculosis 

7 

39 

r 

Psvchoneurosis 

8 

44 

M 

Chronic arthritis, iritis 

9 

00 

M 

Arteriosclerosis, hypertension, spondylitis, glaucoma 

10 

55 

M 

Arteriosclerosis hypertension 

11 

47 

P 

Psychoneurosis, dietary deficiency, acne rosacea, anemia 

12 

42 

P 

Psythoneurosis, drug addiction 

13 

44 

M 

Indigestion 

14 

02 

M 

Cholelithiasis 

13 

49 

M 

Erythema multiforme 

IG 

40 

M 

Aortic insufficiency 

17 

56 

r 

Iilucous colitis 

IS 

29 

M 

Acne rosacea 

19 

43 

M 

Acute polyarthritis (convalescent) 

20 

GO 

M 

Indigestion 

21 

07 

M 

Abdominal pain (unexplained) 

22 

4S 

M 

Epilepsy 

23 

42 

M 

No disease 

24 

‘'9 

M 

Chronic fibroid tuberculosis, indigestion 

2t 

Gj 

P 

Indigestion 


— Theie weie eighteen men, and seven women, 72 and 28 per 
cent, lespectnely However, more men than women come to the clinic, 
and moie tests aie made on men It may be assumed that there is no 
great difteicnce in sex incidence 

Famthal Histoiy of Cancel, Stomach Tionble, Anemia oi Neuio- 
logic Disoi dei ? — Definite statements on these points were available in 
twelve cases In no instance was the patient aware of the occurrence 
of the afoi ementioned disorders 

Occupation A miscellaneous group of occupations was represented, 
including housewife barber, caipenter, cement worker, kennel care- 
taker, salesman, sheiift, surveyor, student, teamster and tailor 

Pi cvioxis Diet Specific inquiries were made as to patient’s dietary 
habits In only one case (case 11) iias there a suggestion of dietary 
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inadequacy For the past three yeais this patient had subsisted largely 
on cereals and toast 

Alcohol, Drugs and Gastric Irritants — There was no history in any 
case of excessive indulgence in or use of alcohol, drugs and gastric irri- 
tants, except in the following cases In case 4 the patient had drunk 1 
gallon (4 5 liters) of whisky daily until prolubition and none since , 
in case 9 the patient used to drink much whisky but had had none 
recently, in case 10 the patient drank from one to two glasses of wine 
with each meal, in case 21 the patient had drunk considerably many 
years pieviously It seems most unlikely that any special factor of 
gastric irritation was of etiologic importance in these cases 

Gastr o-Inteshnal Symptoms — A special study was made of gastro- 
intestinal symptoms, since it has been thought by some that a clinical 
association exists between gastric anacidity and diarrhea and indiges- 
tion In regard to the movement of the bowels, twelve patients had 
normal habits, ten were habitually constipated and in only two was there 
an indication of abnormal looseness In case 24 the patient had had 
fiequent attacks of moderate looseness of the bowels in the last six 
years, and in case 4 the patient usually had from two to three move- 
ments daily Fourteen, oi 56 per cent, of the patients had never had 
indigestion or other gastric symptoms, and three, or 12 per cent, com- 
plained only of gas — a symptom so common m general piactice as to 
have no special meaning Definite gastric complaints were present m 
eight, or 32 per cent of the patients of this series in case 2, periodic 
migraine with nausea and vomiting, in case 6, vomiting after the 
ingestion of large amounts of food, in case 9, the feeling that the 
stomach could not hold much, in case 10, a heavy feeling with gas, 
relieved by food , in case 13, gas and sour stomach , in case 17, an occa- 
sional indefinite abdominal pain and gas after meals , in case 25, gas 
and indigestion, and in case 11, a burning sensation in the stomach 
with belching 

In summar}'', the majority of these patients had no definite gastro- 
intestinal symptoms The remainder presented a variety of mild com- 
plaints without specific characteristics and not essentially different from 
what one might encounter in persons with normal gastric secretion 
It would be difficult to assume that the defect in gastiic secretion per se 
produces definite symptoms, a conclusion that was reached by Bloom- 
field and Keefei in their previous study 

Evidences of Pernicious Anemia and Neurologic Changes — Neuro- 
logic changes suggestive of the combined sclerosis of pernicious anemia 
were not detected m any member of the senes, and from the stand- 
point of physical examination, there was no other evidence of pernicious 
anemia, such as smooth tongue or palpable spleen The blood count 
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and blood picture weie not unusual, except in two patients In case 2 
examination of the blood showed red cells, 3,700,000 , hemoglobin, 76 
per cent, white cells, 6,200 with a low percentage of neutrophils (37 
per cent) There \\as slight amsocytosis and poikilocytosis Follow-up 
studies will show whether more definite change in the blood develops 
In case 11 examination of the blood showed red cells, 3,700,000, hemo- 
globin, 70 per cent , white cells, 5,700 The differential count and the 
moiphologic characteristics weie normal The Wassermann test gave 
negative results in every case 

Roentgen Studies — Roentgenograms of the gastro-intestinal tract 
weie made in twenty cases, in nineteen cases nothing important was 
found In case 20 there was an irregularity of the greater curvature 
extending fiom the cardia almost to the antrum Cancer seemed 
unlikely because the whole stomach was flexible and freely movable 

Gasluc Analysis — In a previous paper,® we described the character 
and the composition of the gastric secretion in conditions in which there 
was a failure to respond to histamine such as cancer and pernicious 
anemia The findings in the present series differed in no respect, and 
the material obtained from the stomach consisted of a few cubic centi- 
meteis of mucoid material which gave a yellow color on testing with 
dimethyl-ammo-azobenzene 

Clinical Diagnosis — One of th» most important points under con- 
sideration was whether the gastric anacidity bore any real relationship 
to the patient’s outstanding disease or whethei it was an insignificant 
and incidental finding The final diagnoses are given in the accom- 
panjing table In sixteen cases (64 per cent) there seem to be nothing 
to explain the defect of gastric secretion Five patients had mild diges- 
tive symptoms in no way different from those encountered in any hos- 
pital population , it cannot be said whether or not these symptoms were 
related to the anacidity, but it seems unlikely In cases 2, 11, 20, 24 
and 25 the patients had definite gastro-intestinal symptoms, and in case 
25 the patient was relieved by hydrochloric acid 

COMMENT 

It appears that failuie to secrete acid (or indeed any actual gastric 
juice) occurs m a certain number of persons, apart from the well 
knonn associations of anacidit)^ such as pernicious anemia and cancer 
of the stomach It may be estimated that such "unexplained anacidities” 
are encountered in from 3 to 5 per cent of the patients in a medical 
clinic In the piesent series the disorder was distinctly one of middle 

3 Bloomfield, A L , Roberts, A M , and Polland, W S The Composition 
of the Gastric Secretion in Cases of Anacidity, Tr A Am Physicians 43 242, 
1928 
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and old age, a finding which suggests that it is acquired rather than con- 
genital, but beyond this no i elation was found to age, sex, occupation, 
diet 01 habits It has not been possible to define any symptom-complex 
that is cleaily associated with the gastiic disorder This point deserves 
especial emphasis in view of alleged ''anacidity diariheas" and other 
syndromes that have been described fiom time to time In the piesent 
series most of the cases weie asymptomatic as fai as the gastro-mtes- 
tinal tiact was conceined, m the few cases in which digestive symp- 
toms occuiied they presented no specific features In only one instance 
was there evidence that the administration of hydrochloric acid may 
have had some beneficial effect 

The present leport leally sets the problem rather than answers it, 
and it remains to show the underlying lesion responsible for the disorder 
of secretion and the effect of the presence of complete anacidity on ulti- 
mate general health A fuither question of special importance is 
whether anacidity of this sort is followed in a large peicentage of cases 
by the development of cancer of the stomach, a point that has recently 
been raised again by Hui st ^ and by us ° 

With these problems in mind, an “anacidity clinic” has been started 
The patients aie seen pei lodically , they are interviewed and examined, 
and roentgenograms and gastric analyses are made lepeatedly If any 
of the patients die, it is hoped that pathologic examination will be pos- 
sible At any late a further report is planned after a sufficient interval, 
probably five or ten years, has elapsed 

4 Hurst, A F The Precursors of Cancer of the Stomach, Lancet 2 1023, 

1929 

5 Polland, W S , and Bloomfield, A L Gastric Secretion m Cancer of 
the Stomach, Bull Johns Hopkms Hosp 46 307, 1930 



METABOLISM IN PNEUMONIA 


II THE MECHANISM OF THE RETENTION OF CHLORIDE 

IN PNEUMONIA ’ 

ISIDOR GREENWALD, PhD 

NEW YORK 

Although the knowledge of a lessened concentration of chloride in 
the urine of patients with fevei ^ seems to have antedated Redten- 
bacher’s' report, he appeals to have been the first to have definitely 
connected pneumonia with a regularly diminished excretion of chloride 
E\ei since then, the subject has attracted considerable attention The 
original obseivations have been amply confirmed and extended ® Many 
studies on the metabolism of patients with pneumonia have been made, 
but, aside fiom the changes due to the increased protein catabolism, no 
change comparable to that in the excretion of chlorine (and sodium), 
has been obser\ed, nor have these numerous investigations furnished 
a satis factor}'- explanation for the observed changes in excietion of the 
chloride 

One of the first hypotheses to have been advanced in explanation 
of this condition appears to be that of Traube,^ who suggested that the 
low excietion of chloride was due to a failure of absorption from the 
intestine This was shown to be false by Rohmann,“ Terray,® 
Schuaiz’' and von Moraczewski,® who pointed out that the feces 
obtained during the period of diminished excretion of chloride in the 
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and kledicine, May 21, 1930 
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1 Simon, J F Animal Ciiemistry, translated by G E Day, London, 1846, 
tol 2, p 208 

2 Redtenbacher, W Ztschr d kaiserliche-konigliche Gesellschaft d Aerzte 
7u Wien 2 3/3, 1850 

3 For a reiiev of the earlier literature see Hutchison, R J Path & Bact 
5 406, 1898 

4 Traube L S\mtome der Krankheiten des respiratonschen tind circula- 
torischen Apparat, Berlin, 1867, quoted by Hutchison (footnote 3) 

5 Rohmaim, F Ztschr f klin Med 1 513, 1880 

6 Terray, P Ztschr f klm Med 26 346, 1894 

7 Schwarz Wien med B1 , 1895, no 49 , quoted by von Hosslin Deutsches 
Arch f klin Med 93 404, 1908 

8 ion Moraczewski, W Virchows Arch f path Anat 55 11, 1899 
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urine contained no moie than the usual amounts of chlorine There 
was, theiefore, no failuie of absorption oi any abnormally large excie- 
tion of chloride into the intestine 

Schwenkenbeckei and Spitta ° collected and analyzed perspiration 
from a number of normal and febrile persons In the one patient with 
pneumonia whom they studied, the amount of chloride in the perspi- 
lation was only a little moie than that m the noimal contiols The 
greatest amount of chloride was found in the pi of use perspiiation of 
patients with tuberculosis, and even then it was onl}- 0 02 Gm per 
kilogram of body weight greater than the noimal amount The chlo- 
iide that disappears from the mine is, therefore, not to be found in the 
perspii ation 

According to Teiiay,"* Schwaiz” and Hutchison,^ the sputum of 
patients with pneumonia contains no more than about 0 5 Gm of 
sodium chloiide a day Sundeiman^® found values up to 0 88 Gm in 
some of his patients, but even this exceptional amount is not compar- 
able to that which fails to appear m the urine The leality of the 
retention of chloiide in the urine must be regaided as established 

In fact, Redtenbacher,^ m 1850, and Beale,^^ m 1852, believed this 
to be the case, and the latter legarded his analyses as establishing 
the fact of the retention of chloride m the pneumonic lung That 
the pneumonic lung, because of its gi eater weight, does contain more 
chlorine than does the noimal lung has been well established by the 
work of Terray,® Hutchison,® von Moraczewski,® Meillere’-® and Pea- 
body,’-® but the amount so letamed seems laiely to be more than 2 
Gm , and is, as Hutchison pointed out, probably never more than 6 or 
7 Gm Since the total amount retained often gieatly exceeds this, 
the amount contained m the consolidated lungs cannot, alone, account 
for the retention 

It was natuial to look for the retained chloride in the blood How- 
ever, the lesults of numeiotis analyses, beginning with those of Rune- 
beig’^ and Laudenheimer,’® showed that the concentration of chloride 
in the blood of patients with pneumonia was not only not greater but 
was actually somewhat lowei than that in the blood of noimal peisons 

9 Schwenkenbecker and Spitta Arch f exper Path u Pharmakol 56 284, 

1907 

10 Sunderman, F W J Chn Investigation 8 313, 1929 

11 Beale, L S Tr Med -Chir Soc, London 35 32S, 1852 

12 Meillere, M , reported by Achard, C , and Loepier, M Compt rend Soc 

de biol 53 346, 1901 

13 Peabody, F W J Exper Med 17 71, 1913 

14 Runeberg, J W Deutsches Arch f klin Med 35 266, 1884 

15 Laudenheimer, R Ztschr f khn Med 21 513, 1892 
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Hutchison was inclined to minimize the importance of this observation 
He u rote 

The diminution of the chloride in the urine however, is out of all proportion 
to the degree of diminution found in the blood In the latter it only amounts to 
a decigramme or less in every 100 cc whereas in the urine the diminution may go 
to the length of total disappearance It seems almost incredible that the kidney 
function can be so delicately adjusted that such a slight fall in the amount of 
sodium chloride in the blood should lead to an entire cessation of its excretion 

The conception of a threshold value for chloiide in the urine corre- 
sponding to a concentration of chloiide in the plasma below which 
no secretion into the urine would occur was apparently unknown 
to him 

The idea of a renal threshold for chloride as a definite concentration 
of chloride in the blood or plasma below which no excretion into the 
urine takes place was, it is true, overthrown by Aitken,’^'^ but his work 
definitely established the renal threshold as “a region in which the 
relation of renal excretion to plasma concenti ation changes rapidly,” 
a conception that Hutchison regarded as “almost incredible ” 

But if the letamed chloride is not present m the lungs or in the 
blood, V here is it ^ It seemed likely that the muscles and liver, because 
of their bulk, might contain appreciable quantities Also, since Padt- 
berg showed that in dogs the concentration of chloride of the skin 
was considerabl} increased after the intravenous injection of sodium 
chloride, it W'^as possible that, in patients wnth pneumonia, also, some 
of the retained chloride w^as deposited in the skin But analyses of 
muscle, liver and other tissues by vmn Moraczewski and Hutchison,^ 
and oi the skin b)^ Santini and Peabody,^® failed to show any appre- 
ciable accumulation of chloride 

It has frequently been suggested that the disturbance is not primarily 
in the metabolism of chloiide but in that of water It is supposed 
that, foi some reason or other, w^ater is retained and that sodium 
chloiide IS retained onh in sufficient quantity to preserve the proper 
osmotic pressure and ionic equihbiium That there may be a maiked 
retention of water duiing pneumonia is unquestioned, for patients have 
been known to gam weight in spite of the marked loss of nitrogen 
Accuiate data on the extent of the retention of w^ater are not plentiful, 
in fact, onl) Sunderman’s data appear to be at all complete He 
showed that even when the retention of w^ater w^as most marked, as 

16 Hutchison (footnote 3 p 427) 

17 Aitken R S J Physiol 67 199, 1929 

18 Padtberg J H Arch f exper Path u Pharmakol 63 60, 1910 

19 von Moraczewski W Ztschr f klin Med 23 483, 1897 

20 Santini A Riforma med 19 477, 1903 , quoted bv' Peabody (footnote 13) 
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m the case of his patient B^, the maximum amount of chloride that 
could be so accounted for was onl> one third of the amount retained 

It IS worthy of note that the retention of chloride generally con- 
tinues for a few da3^s after the crisis of the disease The postcritical 
increase in the excretion of nitrogen, which is, in all piobability, due 
to resorption m the lung, is much more piompt than the inciease in 
excretion of chloride It would seem that some of the chloride con- 
tained m the consolidated lung is transferred to other tissues Finally, 
there comes a period of negative chloride balance The assumption 
has been natural that this represents a return to the normal concentra- 
tion of chloride m the unknown tissues that had previously been 
retaining chloride However, it is usually found that this loss of 
chloride is not even as great as the amount letained while the patient 
was under observation, and that the negative balance is accompanied 
by diuresis and loss in weight In other woids, the postcritical loss 
of chloride seems due to that part of the previous accumulation that 
had accompanied the retention of water The fate of the remainder 
of the chloride remains unknown 

Roehrich and Wiki claimed to have obseived a second rise in 
the letention of chloride from the twenty-fifth to the twenty-eighth day 
of the disease, after convalescence was well advanced This interesting 
observation has not yet been confirmed by others 

Before proceeding to a discussion of my own experiments, it seems 
necessary to discuss m some detail two recent papeis on the subject®^ 
Wilder and Drake stated among tlieir conclusions that 

In infants with primary pneumonia we find a negative base and chloride balance 
if the intake of these ions is low, and a markedly positive balance if the intake is 
high 23 

And Sundeiman said 

The present studies of the chloride balance do not support the view that pneu- 
monia IS characterized by a retention of chloride during the precntical period 
but rather that it is characterized during the precntical period by a diminished 
capacity of the body to conserve chloride on a low intake of chloride and a dimin- 
ished capacit 3 '‘ to excrete chloride on a high intake of chloride After the crisis 
the chloride balance becomes restored to normal from whichever deviation had 
earlier developed 24 

These conclusions are in such striking agreement that, coming, as 
they do, from different laboratories, they carry weight Nevertheless, 

21 Roehrich, A W , and Wiki, B Rev med de la Suisse Rom 20 312, 1900 

22 Sunderman (footnote 10) Wilder, T S , and Drake, T G H J Clin 
Investigation 7 353, 1929 

23 Wilder and Drake (footnote 22, second reference, p 363) 

24 Sunderman (footnote 10, p 329) 
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it IS difficult to imagine how the metabolic distuibance in pneumonia 
can be so entirely different in patients receiving small amounts and 
in those leceiving greater amounts of chloiide It would seem that 
the distuibance in metabolism must be the same in both gioups 

Wildei and Diake presented the results of but one experiment on 
the metabolism of a child on a low intake of chloride This was 
“nearly zero” or “zero ” Under such circumstances, it is not sur- 
prising that the child lost chloride No other lesult could possibly have 
been expected In five da>s, the total loss was 0 01425 equivalents, 
or 0 505 Gm of chlorine But, during these same five days, in spite 
of an apparent retention of 1,820 Gm of water, the child lost 785 Gm 
in weight Assuming this loss to have been muscular tissue, it would 
have contained about 0 505 Gm of chlorine The agreement is 
striking 

Wilder and Diake did not give data for the excretion of nitrogen 
Calculations cannot be very wrong, howevei, if it is assumed that the 
loss of 785 Gm in weight and the indicated retention of 1,820 Gm 
of water were accompanied by the catabolism of approximately 2,600 
Gm of body tissue, containing approximately 1 6 Gm of chlorine 
This was as fully available for excretion as the same amount of 
chloi me ingested v itli food might have been Since only 0 5 Gm 
was excreted, it is obvious that approximately 1 1 Gm was retained 

Sunderman reported data on the intake and output of nitrogen 
All of his patients with pneumonia lost nitrogen and therefore catabo- 
lized body tissue These tissues contained chloride, and, if this chloride 
was not found in the excretions, it was as truly retained as any chloride 
that might have been fed to the patient In calculations on the retention 
of chloiidc. It is not sufficient to consider merely the body weight, 
as did Sundeiman It is conceivable that a patient might catabohze 
1 Kg of body tissue per day and retain an equal amount of water 
The kilogiam of body tissue would furnish about 0 7 Gm of chloiine 
If the intake of chlorine were 1 Gm and the excretion 1 2 Gm , there 
n oiild be an apparent loss of 0 2 Gm , whereas, in truth, there would 
be a retention of 0 5 Gm 

Examination of Sunderman’s results indicates that something of 
this soit actually occurred The seven preciitical days on which he 
based his conclusions include one each in cases and Bg, two in B 4 
and three in B; Ihe losses of nitrogen on these days varied from 
7 Gm in a boj^ weighing 26 5 Kg to 27 Gm in a man weighing 61 
Kg It is difficult to calculate the exact amount of chloride con espond- 

25 Wilder and Drake (footnote 22, text, p 356 and table, p 357) 

2o Katz, J Arch f d ges Phj'siol 63 1, 1896 Magnus-Lev 3 ', A Biochem 
Ztschr 24 363, 1910 
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ing to this amount of nitrogen According to Benedict/'^ m persons 
dm mg fasting, tlieie is a steady fall in the latio of chlorine to nitrogen 
111 the urine as the fast is continued Moreovei, paiticularly during 
the first days of the fast, this ratio varies considerably m diffeient 
persons Sunderman’s studies i\ere made on patients between the 
sixth and ninth days of the disease At this time, the losses of nitiogen 
weie, approximately, twice as great as those in normal persons duiiiig 
fasting For the purpose of calculating the proper ratio of chloiine 
to nitrogen it might be urged that the latio that obtains between the 
sixth and the ninth day of a fast in normal persons should not be taken, 
but, instead, that existing between the twelfth and the eighteenth day 
Refeience to Benedict’s compilation of the data on fasting persons 
shows that these are available only for his own experiment on L, 
and for four experiments on Succi Of the latter, three show values 


Table 1 — E\c}ehon of Chlounc and Nthogen tn Patients During Fasting*' 




Subject L 

K 



Succi 

A 


Diys of 

Fast 

/ 

Nitrogen, 

Grams 

Chlorine, 

Grams 

100 Chlorine 

! 

Nitrogen, 

Grams 

Chlorine, 

Grams 

100 Chlorine 

Nitrogen 

Nitrogen 

12 

10 13 

0 31 

3 1 

7 88 

0 405 

5 14 

13 

10 35 

0 32 

3 1 

3 86 

0 230 

5 96 

14 

10 43 

0 26 

2 5 

5 87 

0119 

2 03 

15 

8 46 

0 16 

1 9 

5 66 

0 137 

2 42 

16 

9 58 

0 14 

1 5 

6 05 

0 113 

1 87 

ir 

8 81 

0 12 

1 4 

6 78 

0 130 

1 91 

18 

8 27 

0 15 

18 

6 00 

0 238 

4 30 

Average 

9 43 

0 21 

2 2 

6 01 

0199 

3 01 


* Data from Benedict (footnote 27) 


that are much higher than those m the fourth experiment (Florence) 
In order to secure minimal values, the data for Benedict’s subject L 
and for Succi’s fast m Florence are given in table 1 From these 
data, it IS apparent that the minimal amount of chlorine that must 
have been derived from the catabolism of body tissue m Sunderman’s 
experiments was 0 022 Gm , or 0 62 milliequivalents, per gram of 
nitrogen lost 

The pertinent data from Sunderman’s tables for the seven pre- 
critical and the three critical days on which he bases his conclusions 
have been collected in table 2 The fourth column, giving the chlorine 
equivalent to the nitrogen lost, on the basis of 0 62 milliequivalents 
of chlorine for each gram of nitrogen, and the fifth column, giving 
the sum of this and the intake of chlorine as the total chlorine available 
for excretion, have been inserted As is evident from the last column, 

27 Benedict, F G A Study of Prolonged Fasting, Washington, Carnegie 
Inst, 1915 
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the balance was positive on every day but three, and on one of these 
the negative balance was small, 0 5 milliequivalents In the other two 
instances, the negative balance was followed (B^), or preceded and 
followed (B5), by retentions of chloiine neaily sufficient to balance the 
losses 

In this calculation it is true that no account has been taken of 
the chloride that may have been lost in the perspiration Sunderman 
mentioned that the highest value of sodium chloride per day that he 
actually observed was 0 27 Gm , although he regards this as almost 
ceitainly too low, because of faulty technic He did not state whether 
or not this value was taken in a patient on a diet high or low in 
chloride or befoie or after the crisis of pneumonia 

Table 2 — Recalculation of the Balance of Chloune m Patients Observed by 

Sundci man 





Chlorine 

Total 










Equiva- 

Chlorine 









IntaUe 

lent to 

Available 


Output of Chlorine 




Xitrogen 

of 

Nitrogen 

for 

/ 


A 


s 



Lost, 

Chlorine 

Loss 
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13 

17 

8 0 

25 0 

02 

2 5 

5 1 

3 0 

10 8 

•fl4 2 


16 

17 

9 9 

26 9 

0 0 


11 6 

4 0 

16 2 

+10 7 
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17 

36 

10 5 

46 5 

36 9 


28 

4 2 

43 9 

+2 6 

Bi 

27 

22 

10 7 

38 7 

39 5 



5 0 

44 5 

—58 


20 

25 

15 5 

40 5 

316 

00 

1 8 

1 8 

35 8 

+4 7 


27 

25 

10 7 

41 7 

37 6 


1 0 

3 6 

42 2 

—05 

B. 

7 

26 

43 

30 3 

22 9 

2 1 

0 1 

2 0 

27 1 

+3 2 


9 

22 

5 6 

27 0 

30 2 

0 4 

2 9 


33 5 

—5 9 


7 

19 

4 3 

23 3 

13 6 


4 6 

3 1 

21 3 

+2 0 


10 

19 

6 2 

25 2 

13 2 

3 0 

3 8 


20 0 

+5 2 


Schv enkenbeckei and Spitta,” whose work was cited by Sunderman, 
obtained, as has already been stated, values as high as 2 7 Gm per 
day per hundred kilograms of body weight However, this was in 
a patient with tuberculosis The only patient with pneumonia studied 
by them excreted 0 73 Gm per hundred kilograms of weight on the 
day before the ciisis, 0 95 Gm on the day of the crisis and 0 73 Gm 
on the following da} For patients such as Sunderman’s B4 (heaviest 
m weight), an excretion of 0 73 Gm of chloride per hundred kilograms 
of weight would be about 0 445 Gm , or 7 6 milliequivalents, per day 
It IS true that this is sufficient to turn the retentions into losses in 
eveiy case but m Bj But the calculations in the table have been based 
on the minimal \alue of 0 62 milliequivalents of chlorine for each gram 
of nitrogen lost If the latio of 1 milli equivalent per giam, which is 
lover than existed befoie the eighth day in any of Benedict’s nine 
patients duiing fasting, is used, a retention of chloride would be indi- 
cated in every case 
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Nothing has been said of Sunderman’s consideration of the chloride 
found in the blood removed for anal}ses as part of the output of 
chloride Theie is, m my opinion, little justification for such a consid- 
eration This chloride was not excreted by the body but was lemoved 
from It, it IS scarcely any more to be included m the “output” than 
would the chloride content of a finger be, had it, instead of a coiie- 
sponding weight of blood, been lemored for analysis 

That theie is something wrong with Sunderman’s reasoning is 
apparent fiom a consideration of the results in patient On two 

successive da 3 s, this patient excieted 17 and 20 Gm of nitrogen, lesult- 
ing 111 a loss of 13 and 16 Gm of nitrogen, respectively On these 
two days, he excreted only 0 2 and 0 0 milhequivalents of chloride 
111 the urine, and, in the urine and feces, a total of 2 7 milliequivalents 
A more effective retention of chloiide cannot be imagined Neverthe- 
less, according to Sundei man’s method of calculation, it is impossible 
to decide vvdiether there was a retention or a loss of chloride on these 
days 

There is, therefore, no reason to believe that the disturbance m 
chloride metabolism is any diffeient in patients on diets low in chloiide 
than it is 111 those receiving liberal amounts of salt The nature of the 
disturbance remains unknown 

EXPERIMENTAL DATA 

In view of the difficulties inherent m expeiiments on the metabolism 
of patients with pneumonia, and because it was desired to study changes 
m the early stages of the disease, it was decided to experiment on 
animals The dog appealed to be the most suitable animal for our 
purpose Lamar and Meltzei “® had induced pneumonia in dogs by 
intratracheal insufflation of pneumococcus cultures The necessity for 
anesthesia proved to be an undesiiable feature of their technic, and, 
after a few trials, it was discarded in favoi of intratracheal injections 
of a centrifugated cultuie In some cases, a pneumococcus autolysate 
piepaied by the method of Parker and Pappenheimer vv^as also 
injected In one expeiiment, the inoculation was made directly into 
the lung A culture of t 3 pe I pneumococcus, extiemely virulent for 
mice, was used throughout 

It was found that the dogs refused to eat after inoculation and 
that food previously ingested oi given by stomach tube was vomited 
It was therefore decided not to feed the animals aftei the experiment 
had begun, but to collect the samples of urine during, and for a few 

da 3 S after, the fever, then to feed the dogs double rations to bring 

28 Lamar, R V , and ]\Ieltzer, S J J Exper Aled 15 133, 1912 

29 Parker, J T , and Pappenheimer, AM J Exper Aled 58 695 1928 
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them back to their original weight, and, after several days on the 
standard ration, to repeat the experiment, sterile broth being used 
instead of the pneumococcus cultuie The death of two of the animals 
made it impossible to carry out this progiam in full 

The content of nitrogen was determined by the method of Kjehl- 
dahl and that of chloiine by digestion of the urine with silver nitrate, 
nitric acid and n small amount of potassium permanganate, with subse- 
quent titration of the excess silver nitrate 

PROTOCOLS 

Dog 6, a female setter weighing 19 Kg, was kept on a diet consisting of 80 
Gm of dried meat residue (obtained from the Valentine Meat Juice Company), 
70 Gm of cracker meal, 10 Gm of vitavose (a wheat-germ preparation made by 

Table 3 — Coutiol EApet iinents The Exaehon of Nihogen and Chlonne m 
the Uiine Aftcj the Injection of Sfeiile Bioth 


Experiments! E'tpcnment 32 


t 

A 

\ 

Chlorine 

_ A 

1 

A 

Chlorine 

— ^ 

Dito 

Nitrogen 

Gm 

t 

Gross 

Gm 

Net» 

Date 

Nitrogen, 

Gm 

r 

Gross 

Gm 

Net* 

3/1 

7 93 

0 883 






3/2 

9 45 

1 320 


3/31 

9 84 

1 230 


3/3 

9 71 

1 070 


4/ 1 

11 69 

0 780 


3/4 

7 94 

1 080 


4/ 2 

11 02 

1 000 


3^3 

2 05 

0 179 

0 091 

4/ 3 

4 35 

0 368 

0 277 

3/G 

5 19 

0 411 

0 383 

4/ 4 

1 83 

0 402 

0 360 

3/7 

2 56 

0 220 


4/ 5 

3 88 

0 952 

0 916 

3/S 

4 41 

0 376 


4/ 6 

5 10 

0 502 



* This calculation was obtained by deducting the chlorine content of the broth injected into 
the animal 


E Squibb & Sons), 20 Gm of bone-ash, 60 cc of maize oil, 1 50 Gm of salt and 
1,000 cc of water This animal was used for three experiments with pneumo- 
coccus cultures and for two control experiments In order to facilitate discussion, 
the latter will be described first, though they were not, of course, the first to be 
performed After the collection and analysis of the urine for four days during 
uhich the dog was kept on standard diet, food was withheld On the first day 
of the fasting, March 5, 10 cc of sterile broth was injected intratracheally at 
10 20 a m The rectal temperature, which had been 101 7 at 8 50 a m , was 
101 5 when a second injection of 12 cc of sterile broth was made at 1 20 p m 
The temperature uas 101 7 at 2 30 and 102 at 4 30 p m On the following day, 
17 cc of sterile broth was injected at 9 15 a m , and the temperature fluctuated 
between 101 and 101 7 

This experiment uas followed by one in which a pneumococcus culture was 
used (experiment 63, table 4) After the animal had recovered his normal body 
u eight, urine uas again collected for a few days while the animal received the 
standard diet Food was again withheld, and 20 cc of sterile broth was injected 
intratrachealK on April 3 This had no effect on the temperature On each of 
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the following days, 10 cc of sterile broth was injected, with the same lack of 
effect on the rectal temperature 

In experiments 61, 62 and 63, the same dog received cultures of a virulent 
type pneumococcus The results of the analyses of the urine are summarized in 
table 4 The protocols of the individual experiments follow 

Experiment 61 — On February 11, a mixture of 5 cc of pneumococcus auto- 
lysate and 5 cc of a suspension of living pneumococci, each representing approxi- 
mately 100 cc of an eighteen hour culture, was injected intratracheally at 10 10 
a m The temperature rose from 101 9 to 103 F at 1 p m , at which time 12 cc 
of a suspension representing 150 cc of a twenty-one hour culture was injected 
At 3 p m , the temperature was 105 4 F and the dog was panting Subsequent 
records of temperature and respiration, respectively, were 5 35 p m, 107 5 F. 
and 75, 6 35, 106 4 and 66, 12 midnight, 103 and 50, 8 15 a m, 102 and 22 
The following day at 9 30 a m , 7 cc of a suspension equivalent to 200 cc of 
a sixteen hour culture was injected intratracheally At 11 o’clock, the temper a- 

Table 4 — Exaction of NiUogcn and Chloiine in the Urine 
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2/ 6 

8 50 

0 903 


3/16 

11 88 

0 91 


4/14 

11 52 

1 22 


2/ 7 

10 53 

0 714 


3/17 

11 48 
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12 31 
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7 75 

1 17 
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4/16 
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1 04 


2/ 9 
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4/17 
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1 20 


2/10 

11 51 
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2/11 

6 40 

2 64 

2 54 

3/19 

4 04 

1 00 

0 91 

4/18 

3 70 

1 24 

1 19 

2/12 

4 G3 

0 29 

0 26 

3/20 

4 97 

0 27 

0 20 

4/19 

4 58 

0 11 


2/13 

7 00 

0 071 


3/21 

3 88 

3 88 

0 28 

4/20 

7 02 

0 44 


2/14 

G 11 

0 029 


3/22 

2 54 

0 32 






2/15 

8 47 

0 035 


3/23 

3 41 

0 54 







* These experiments were performed on dog 6 in which a probable case of pneumonia was 
followed by recovery and in which subsequent inoculations produced but little effect 

t This calculation was obtained by deducting the chloride content of the culture injected 
into the animal 


ture was 102 4 F , and the respiratory rate was 50 , at 12 10 p m they were 106 F 
and 75, respectively, at 2, 106 and 80, at 4, 104 4, panting, at 5 30, 104, panting, at 
9 30, 104 3 and 30 and at 8 30 a m , 102 and 30 

Experiment 62 — At 10 a m on March 19, 12 cc of a suspension equivalent to 
300 cc of a seventeen hour culture was injected into the dog intratracheally 
There was no effect on the temperature until 1 20 p m , when 8 cc , also equivalent 
to 300 cc of a twenty hour culture, was injected At 3 p m, the dog had a 
severe chill, and the temperature was 102 4 F This rose to 104 6 at 4 45, but 
fell to 103 4 F at 6 p m 

The next morning the temperature was normal, and the injection of 16 cc 
of a suspension equivalent to 600 cc of an eighteen hour culture was without 
effect on the temperature The experiment was repeated on the following day, 
with the same lack of success The temperature remained unchanged 

Experiment 63 — ^At 10 45 a m on April 18, 10 cc of a suspension equivalent 
to 600 cc of an eighteen hour culture was injected into the right lung of the same 
dog At 12 45, the temperature had arisen from 1006 to 104 8 F, the respiratory- 
rate was 60, and the dog had a chill The temperature was 105 2 F at 2 20, 
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105 8 at 4, 105 4 at 5 and 1044 at 6 The respiratory rate all afternoon was 
about 40 per minute At 8 10 p m the temperature was 102 6, and at 11 40 it 
was 102 1 F 

In view of the apparent resistance of the animal to these large doses of pneu- 
mococcus culture, it was believed that the serum might show marked protective 
action However, the usual tests on mice made by Miss Georgia Cooper of the 
Department of Health ot New York City showed that this was not the case 

ExPERiMh-NT 5 (table 5) — A female collie, weighing 13 Kg, was fed a mixture 
of 20 Gm of dried meat residue, 20 Gm of cracker meal, 10 Gm of vitavose, 
15 Gm of bone-ash, 30 cc of maize oil, 1 Gm of salt and 700 cc of water For 
several dajs, the rectal temperature fluctuated betw'een 103 and 104 F, W'hich was 
apparently normal for this dog At 10 20 a m on February 11, a mixture of 
5 cc of a pneumococcus autolysate and 7 cc of a fresh suspension, equivalent to 
100 cc of an eighteen hour culture, was injected into the trachea At 11 o’clock 
the temperature w'as 104 3 F , but at 12 o’clock it had reached 105, and the dog 
seemed quite sick The temperature continued to rise, reaching 105 9 at 1 30, 
105 8 at 3 and 160 4 F at 5 30 p m At this time the respiratory rate was 55 
per minute The temperature then fell slowly to 105 8 at 6 35 p m , 104 8 at mid- 
night and 103 F at 8 15 a m Respirations continued to be rapid, the rate being 
betw'een 50 and 58 a minute 

At 9 30 a m , on February 12, the dog received 6 cc of a suspension, equivalent 
to 200 cc of a sixteen hour culture, intratracheally Ihe temperature rose slightly, 
reaching a maximum of 105 2 at 12 noon, and then declined, to remain at about 
104 F from 2 to 8 20 p m The respiratory rate increased, reaching 70 at 8 20 
p m and 80 on the following morning It remained at this level all day, although 
the temperature was only 103 8 F 

On February 14, the temperature varied between 102 5 and 103 8 F , but the 
respirator)- rate increased from 100 m the morning to 130 m the evening The dog 
coughed a great deal, and the muscles of the neck and front legs twutched 

At 1 15 p m on Febiuary 15, a laboratory attendant found the dog in convul- 
sions When I sawf the dog, the convulsion was over , she was lying on her side, the 
temperature was 103 8 F , and the respiratory rate 85 At 6 p m , the dog was 
standing up, staring at me without recognition, barking wildly and refusing to 
permit handling After about five minus, she became quiet, lay down and permitted 
the insertion of the thermometer The temperature was 103 6 F, the respiratory 
rate 75, and the pulse rate 150 On February 16, at 10 30 a m , a convulsion 
suddenlv developed, wFich lasted three minutes, and after which the dog was 
quiet At 8 p m , the temperature was 102 9 F , the respiratory rate 75 and the 
pulse rate 150 An attempt was made to feed the dog, and the pan was placed 
under her mouth She made no attempt to take the food, but the muscles of the 
head began to twitch, then those of the neck were inv^olved, and, in about a 
minute, the dog was m a tonic-clonic compulsion The jaws were wide open at 
first, but then closed The conv^ulsion lasted for three minutes, after which the 
dog was quiet 

The condition did not appreciably change during the next day, the respiratory 
rate remaining at SO or 90 and the temperature at from 103 to 104 5 F The dog 
died during the night of February 18 At autopsy, the lungs show'ed only slight 
foci of consolidation Nothing in the appearance of the heart or other organs 
gave a clue as to the cause of death Pieces of the lung, medulla and cerebellum 
were fixed m formaldehyde and sent to Dr Alexander Fraser, who reported 
intense congestion and bronchopneumonia in the lungs and slight meningitis, with 
foci of encephalitis in the cerebellum and medulla 
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Experiment 7 (table S) — A male mongrel, weighing 12 5 Kg , was fed a mix- 
ture of 45 Gm of dried meat residue, 45 Gm of cracker meal, 15 Gm of bone-ash, 
10 Gm of vitavose, 1 50 Gm of salt, 30 cc of maize oil and 500 cc of water 
At 10 50 a m on April 3, a mixture of 10 cc of a pneumococcus autolysate and 
10 cc of a fresh suspension, equivalent to 600 cc of an eighteen hour culture, 
was injected into the trachea The temperature rose from 100 5 to 103 3 F at 
12 30 p m and to 105 4 F at 1 50 It continued at this height until 4 40 p m , 
but by 11 50 p m, it had fallen to 104 4 F The respirator 3 >- rate was not greatly 
increased^ remaining at 35 or 40 all afternoon and falling to 25 at 11 50 Next 
morning, the temperature was 101 F and the respiratory rate was 180, but the dog 
was obviously sick, being scarcely able to move At 11 a m he was dead Autopsy 
showed edema of the neck near the site of injection The trachea was clear The 
chest was half filled with bloody fluid The pericardium was adherent to the 
sternum The interior of the pericardial sac was smooth The heart was greatly 
dilated on the right side There were emphjsema and congestion of the lungs 


Table 5 — Fatal Pncnmoma 



Experiment 5 



Experiment 7 


r 


Chlorine 

_ A 



Cnlorine ^ 

Date 

Nitrogen 

Gm 

/ 

Gross 

Gm 

Net* 

Gm 

Date 

Nitrogen 

Gm 

r 

Gross 

Gm 

Net* 

Gm 





3/31 

7 14 

1 02 


2/ 0 

3 46 
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4/ 1 

5 08 

0 84 


2/10 

6 02 

0 836 


4/ 2 

8 81 

1 38 


2/11 

3 90 

0 419 

0 371 

4/ 3 

5 06 

2 26 

2 16 

2/12 

6 96 

0 181 
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2/13 

4 12 

0 205 






2/14 

4 29 

0 168 






2/15 

4 44 

0 079 






2/16 

2 37 

0 033 






2 /ir 

7 54 

0 057 







* This calculation was obtained by deducting the chloiine content of the broth injected in+o 
the animal 


Microscopic examination by Dr Fraser showed extreme congestion and several 
areas of consolidation His diagnosis was “acute bilateral hemorrhagic broncho- 
pneumonia and pleuritis ” The liver and kidneys show ed granular degeneration 


COMAIENT 

As can be seen from an inspection of table 3, in each of the contiol 
experiments theie was a marked diop in the excietion of chloime 
This fell to one fouith or one fifth of the previous amount Coriection 
for the amount of chlorine in the injected bioth bungs the amount 
excieted on the fiist day of the expciiment down to one sixth oi one 
fifth of that in the foiepeiiod Subsequently, the amount of chloride 
m the mine inci eased, so that on the fourth day of fasting, it was 
two-fifths or one-half as great as in the foieperiod 

These results aie m maiked contrast to those obtained in the 
experiments in which pneumococcus cultures weie injected into the 
same dog The excietion of chloride was not reduced on the first day , 
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It remained unchanged, or was slightly increased, in the two expeii- 
ments (62 and 63) in which only a slight pyrexia was induced, and 
Mas more than doubled in experiment 61, in which the effect on the 
dog’s tempeiature and lespiiatory rate was more maiked On the sec- 
ond and third da^s, theie was a corresponding diminution below the 
level observed in the control expenments In experiments 62 and 
63, It again rose to values resembling those obtained after the injection 
of sterile broth In experiment 61, in ivliich the initial loss of chloiine 
Mas the greatest, the depletion of the body’s stoie of chloiine was 
great and the amount excreted remained loiv Howevei, heie also, 
analyses of the individual voidings of urine disclosed, aftei the initial 
sharp rise and fall, a secondary rise in the ratio of chlorine to nitrogen 


Table 6 — Nthogcn and CMonnc Content of the Dune Obtained in Expeiiment 61 


Date 

jSiitrogen, 

Gm 

Chlorine, 

Gm 

100 Chlorine 

Nitrogen 

Tebruary 11 

2 44» 

2 060 

84 5 


2 48 

0 504 

20 3 


148 

0 079 

53 

February 12 

0 81 

0 088 

10 8 


1 03 

0 117 

11 3 


1 01 

0 041 

4 1 


178 

0 04G 

2 G 

February 13 

3 00 

0 045 

1 5 


180 

0 017 

0 9 


211 

0 009 

0 43 

February 14 

G 11 

0 029 

0 47 


* Voided It about G p m eight hours after the first injection and five or six hours after 
the tempcriture began to rise 


(table 6) Later, this again diminished, just as it does in the fasting 
person 

The experiment on dog 5 was unsatisfactory because some urine 
Mas letained from the first to the second day Nevertheless, it is quite 
obvious, from a comparison of tables 4 and 5, that on the first day 
the excretion of chloiine M^as greater, and, on the second and third 
dais, less than in the control experiments 

Dos’ 7, which succumbed to a severe pneumonitis (and septice- 
mia ^), showed a loss of chlorine that in proportion to the body 
weight, M'as even greater than that observed in experiment 61 Not 
less than 2 Gm of “excess” chloiine was excreted in twenty-four hours 
This IS the equivalent of 0 26 Gm of sodium chloride per kilogram 
of body M^eight, or of 16 Gm of sodium chloride for a person weigh- 
ing 62 Kg (136 pounds) 

Unfortunately, analyses of the blood or serum w^ere not made, 
but it IS scarcely conceivable that all of the chloride lost should have 
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been in the blood, for tins could have contained only 3 Gm of chlorine 
at the beginning of the experiment The loss, per kilogiam of body 
weight, was 0 16 Gm , or 4 51 milliequivalents Assuming that the 
body fluids lepiesent approximately two thirds of the body weight, 
and that the loss of chloiide was evenly distiibuted, there was a diminu- 
tion of 6 mg pel liter This is not so great as that frequently observed 
m the plasma of patients with pneumonia, but is, nevertheless, con- 
siderable 

The significance of these lesults would appeal to be obvious If 
I had been unable to collect the mine during the first few horns of 
experimental pneumonia m dogs, as is the case in pneumonia m man, 
I might well have concluded that dogs with pneumonia exciete a 
smaller amount of chloiine than do normal, fasting dogs and that this 
lelative retention continues for a day or two after the crisis of the 
disease 

At this point, leference must be made to tbe woik of Medigre- 
ceanu,^° who, in 1911, reported the lesults of two expeiiments on the 
metabolism of dogs infected with pneumococci by the method of Lamai 
and Meltzer Medigreceanu concluded that '‘The chlorine output is 
very much diminished during the process of expeiimental pneumonia 
m dogs (Tables I and II) The quantity of chloime retained in the 
cases with well-developed exudates (Table I) is much larger than the 
exudate could account for ” 

The intei pretation of Medigreceaiiu’s tables is not quite simple 
His table I is not at all clear It is stated that the dog took no food 
on the two days following insufflation Nothing is said of the day 
of insufflation If food weie taken on that day, the results obtained 
are incomprehensible, but if it were refused, the results are moie 
neaily m agreement with those I obtained m expeiiments 62 and 
63 Just as m these, the excietion of chloime lemamed unchanged 
Medigreceanu had no control experiments, and consequently failed 
to obtain results such as those shown m table 3 On the five days 
following insufflation, the excietion of chlorine was greatly reduced, 
but there was no subsequent increase above the normal duimg 
the remaining thiee days of the expeiiment The three days befoie 
insufflation showed an average daily loss of 0 025 Gm of chloime 
The following nine showed a net letcntion of 3 2 Gm , m spite of a loss 
of body weight of 0 5 Kg and of 22 Gm of nitiogen What became 
of the retained chloime is not clear (If a lation had been taken on 
the day of insufflation, the amount of chloride to disappeai would have 
been 5 6 Gm ) 

30 Medigreceanu, F J Exper Med 14 289, 1911 
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Medigreceanu’s second dog had a less marked retention The 
temperature did not rise quite so high, and there was no dulness or 
bronchial breathing Apparently, the dog was not veiy ill, foi the full 
ration was taken daily During the control penod, the ratio, 100 
chloride nitrogen, was 24 6 On the day of insufflation, it rose to 
31 6 On the four following days, it was 9 2, 26 7, 28 2 and 24 6, 
respectivelv These results seem to indicate an excess excretion of 
0 58 Gin of chlorine on the day of insufflation, followed by a retention 
of 1 13 Gm , accompanied by an increase in body weight, and then a 
loss of 0 19 and 0 14 Gm , lespectively, on the two following days, 
as the body weight fell The net change was an increased loss of 
0 22 Gm 

Medigreceanu’s expeiiments, therefore, cannot be accepted as con- 
tradicting the lesults here leported On the contrary, the results of his 
second experiment aie m harmoii}'^ with the views expiessed heie 

The retention of chlorine is not peculiar to pneumonia It has 
been obseried m other fe^ers®^ Curiously enough, malaria is an 
exception in that the febiile peiiod is characterized by an increased 
excretion of chlorine But malaria is precisely the condition in which 
It IS possible to study changes during the onset of the fever The loss 
of chlorine m a short period may be considerable, as much as 8 oi 10 
Gm in SIX hours (Traube and Jochman and von Limbeck®®) More- 
over, according to Ringer,®'^ Terray ® and von Moraczewski,® the greater 
part ot the increased excietion occurs duiing the development of the 
feiei and not during its height The chlorine content of the plasma 
IS reduced duiing the febrile period, while the rate of excretion is 
still gi eater than normal, indicating a lowered threshold for chloride®® 

It is interesting to observe that McLean,®® in 1915, concluded 

Chloride retention in pneumonia is associated with a lowered concentration of 
chloride in the plasma, and failure of excretion is apparently due to this cause 
The threshold is often considerably lowered during fever and usually returns to 
normal after tne temperature becomes normal 

The full significance of these observations seems not to have been 
realized 

No obseivations on the retention of chlorine dunng the first few 
hours of pneumonia m man aie available Most of the records begin 

31 Garratt, C G Tr Med -Chir Soc, London 87 163, 1904 

32 Traube, L, and Jochman, P Deutsche Klin 7 511, 1855 

33 Von Limbeck, R Wien med Wchnschr 44 2129, 2182 and 2225, 1894 

34 Ringer, S Tr Med -Chir Soc, London 43 361, 1859 

35 Von Koran}u, A Ztschr f klin Med 34 1, 1898 I lu, S H Chinese 
J Physiol 2 151, 1928 

36 kIcLean, F J Exper Med 22 36, 1915 



GREENWALD— METABOLISM IN PNEUMONIA 


433 


with the third day, or latei But, in 1880, Rohmann ° lepoited a loss 
of 2 72 Gm of chloiine on the thud day and of 0101 Gm on the 
fourth day in a patient who letained 8 Gm , or more, of chloiine during 
the following six days Von Moraczewski ® obseived a loss of 0 025 
Gm of chloiine on the fifth day (the first day of observation) in a 
patient who retained about 1 Gm each day for the following six 
days and 0 52 and 0 38 Gm on the seventh and eighth days, respec- 
tively It IS tiue that von Noorden stated that, m one of his patients, 
he found only 2 2 Gm of sodium chloiide m the mine passed from 
the seventh to the thirty-fiist houis of the disease This is a small 
amount for mine letamed foi twenty-four houis, but it may, never- 
theless, repiesent a loss and not a retention Moreovei, fiom the 
results obtained m expeiiment 61 (table 6) and from the obsei vations 
on malaiia that have already been discussed, it is apparent that the 
initial dischaige of chloride may well have been neaily, if not quite, 
completed by the end of the seventh hour after the patient recognized 
that he was ill 

However, the initial loss of chloiide cannot account foi all of the 
retention that is sometimes observed , neithei does it explain the nega- 
tive chloiine balances that are so frequently obseived after the crisis 
of the disease But, as I pointed out m the first part of this paper, 
it IS possible that 5 or 6, or even 7 Gm , of sodium chloride should be 
held 111 the consolidated lung and that a consideiably larger amount 
should accompany the water that is so frequently letained The total 
of all three — initial loss, accumulation in the lung and solution in 
retained water — seems moie than enough to account foi the maximum 
retention of chloride that has, thus far, been observed 

The greatest positive balance of chloiide repoited in the liteiatuie 
seems to be that lepoited by Sunderman for his patient B- In six 
days, this patient retained 1,469 ± 104 milheqmvalents of chlorine, or 
86 ±: 6 Gm of sodium chloride How was this distributed ^ In the 
first place, the chloride content of the seium was increased from 5 26 
to 6 32 Gm per kilogram of body weight Assuming an increase of 
the same magnitude m all the body fluids and estimating these at two 
thirds of the body weight — 59 Kg at the beginning of the observation 
— the lesult is 42 4 Gm sodium chloiide During the six days of the 
observation, the patient lost 56 Gm of nitiogen and incurred a caloric 
deficit estimated by Sunderman as 7,300 caloiies I have estimated that 
this represents a loss of tissue of 2 75 Kg Since the patient gamed 
5 56 Kg , there must have been 5 56 2 75 = 8 33 Kg of water 

37 Von Noorden, C Lehrbuch der Pathologic des Stoffwechsels fur Aerzte 
und Studiernde, Berlin, A Hirschwald, 1893, vol 13, p 222 , 
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retained If this is multiplied by 6 32, the concentration of sodium 
chloride at the end of the observations, the result is 52 4 Gm The 
total of the two is 94 8 Gm On deduction of the sodium chloiide m 
the 2 75 Gm of catabohzed tissue, or 3 4 Gm , the net total is 91 4 Gm 
The observed retention was 86 ± 6 Gm 

The case just discussed was complicated by the appearance of 
edema and of an abnormally high concentration of chloride m the 
serum The next highest retention of chloride reported by Sunderman 
is also one of the highest recorded in the literature, and only Sundei- 
man’s data are sufficient for a complete analysis 

In this case the concentration of chloride in the serum increased 
from 4 86 to 5 56 Gm per kilogram Calculating that an increase of 
the same order occurred in all the tissue fluids, and that these constitute 
two thirds of the body weight, the result is 23 8 Gm of sodium chloride 


Table 7 — Retention of Chlonde in Pneumonia-^ 


Sunderman’s patient B? 


Weight 59 Kg 

Pinal concentration of J<aOI in serum 


G 32 Gm 

per liter 

Initial concentration of I»aCl in serum 


5 20 Gm 

per liter 



106 


Estimate 40 liters tissue fluid at 1 00 Gm per liter 



42 4 Gm 

N loss, 50 Gm 

Calorie loss, 7,300 estimate 

2 75 Kg 



Gain in ivciglit 

5 5C 



HiO retained 

8 33 Kg 

at 0 32 Gm 
per Kg 

52 4 

Deduct JiaCl in tissue lost 



94 8 

2 75 X 1 24 



34 




91 4 


* Tlio obsorved retention as 80 tfc 6 Gm The patient gamed 1,050 Gm m the first four 
da\ s The chloride rose from SO to 09 mg or from 5 26 to 5 79 Gm 


The loss of 68 Gm of nitrogen and 4,000 calories in eight days indi- 
cates a loss of tissue of about 2 5 Kg The actual loss in weight was 
only 1 76 Kg , indicating a retention of 0 74 Kg of water This would 
contain 4 1 Gm of sodium chlonde The sum is 27 9 Gm On deduction 
of the amount of sodium chloride in the catabohzed tissue, estimated 
at 3 1 Gm , the net retention accounted foi is 24 8 Gm The actually 
obseiAcd retention ^^as 37 5 ± 7 1 Gm The agreement does not seem 
rerj good, but uhen one considers the numeious souices of erioi and 
the war in rihich they may all accumulate in this calculation, the 
dnergence is not surprising 

It IS therefore obvious uhy all attempts to find the letained chloride 
m the tissue were failures The chloride was not accumulated in 
excess, but u'as retained in an effort to make good the previous losses 
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Probably, these losses cannot be demonsti ated in pneumonia in man, 
but they can and have been demonstrated in experimental pneumonia 
in dogs and in malaiia in man 

The mechanism by which this loss is pioduced is not evident, but 
a possible clue may be found in the woik of Balcar, Sansum and 
Woodyatt^® In the discussion of then lesults they wiote 

It IS proposed that ni the ordinary febrile diseases, such as typhoid, tubercu- 
losis and others, the symptom fever is due to a deficit of “free” water resulting 
from an abnormal tendency on the part of the colloids of the body to bind the 
water The poison of the disease leads to changes of the cell colloids and increases 
their hydration capacities, so that they take up more water 

The effect of this on the “free” water of the body is thus the same as that of 
thirst or the introduction of salt or sugar into the body from without 

Table 8 — Retention of Chloude in Pneumonia 


Sunderman’s patient Bo 

Final concentTation of NaCI in serum 
Initial eoncentration of NaCl in serum 

Estimate 34 liters tissue fluid at 0 7 Gm per liter 

N loss, OS Gm Estimate, 2 5 Kg tissue 

Caloric loss, 4,000 Gm 

Actual loss in weight, 1 76 Kg 

0 74 Kg tissue replaced by water x 5 60 

Deduct NaCl in tissue lost, 2 5 x 1 24 
Total NaCl accounted for 

* The observed retention w as 37 5 ± 7 14 Gm 


Weight 60 0 Kg 

5 56 Gm per liter 
4 SO Gm per liter 

0 70 

23 8 Gm 


41Gm 


27 9 
31 


24 8 


Without necessarily subscribing to the interpi etation that the fever 
in pneumonia and malaiia is due to the inci eased hydiation of the 
colloids, but meiely accepting the view that, m these conditions, the 
colloids of the plasma bind moie water than they noimally do, the initial 
outpouiing of chloude is easily undei stood If theie is this difference 

38 Balcar, J O , Sansum, W D , and Woodyatt, R T Fever and Water 
Reserve of the Body, Arch Int Med 24 116 (July) 1919 

39 It IS quite possible that the increased hydration of the plasma after expo- 
sure to high temperatures (Lozinsky, E Am J Physiol 67 388, 1923-1924 
Barbour, H G , Dawson, M H , and Neuwirth, L Ibid 74 204, 1925) or m 
cocaine fever (Barbour, H G J Pharmacol & Exper Therap 427 291, 1926) 
and the anhydremia due to cold (Barbour, H G , and Hamilton, W F Am J 
Physiol 73 385, 1925) may be due to the same effect of temperature on the 
capacity of the plasma proteins to combine with water The diuresis following 
exposure to cold majq therefore, be caused in part, by tlie increased concentration 
of “free” water in the plasma and not, as is generally belie\ed, entirely by the 
peripheral vasoconstriction 
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between “free” and “combined” water, the excretion of sodium chloride 
would depend on its concentration m the “free” water Diminution 
in the amount of the lattei would lead to the increased concenti ation 
of sodium chloiide theiein This would lead to an increased excietion 
Thereafter, analyses of plasma or serum would show a diminished con- 
centi ation of chloride, although the concentration in the “fiee” water 
might be normal, or even gi eater than normal Latei, as defeivescence 
occuis, the concentration of “free” watei may increase, and the patient 
may suffer from a lack of chloride 

The clinical significance of these observations is not altogether clear 
It may be that the increased hinding of water and the loss of chloride 
aie parts of a protective mechanism However, the fact that the 
greatest losses were obseived in the dogs that showed the severest 
reactions indicates that this is not the case but that the loss is due to 
the toxemia or to the p3iexia If that is so, the administration of 
chloride might be indicated 

On the other hand, because of the diminished amount of “free” 
water, a patient with fever and a chloride content of 85 milliequivalents 
per litei of plasma might leact toward the administration of salt as 
would a person free from fever with a concentration of chloride in 
the plasma of 100 milliequivalents per liter The reaction of the latter 
would depend on the ability of the kidneys to exciete the added chloride 
If this weie impaired, edema and circulatory distuibances might result 
In a patient with pneumonia, the consequences might be serious Again, 
if it were true that a concenti ation of 85 milliequivalents per liter of 
plasma is desirable m fever, a sudden return to noimal temperatuie 
might find the patient with too little chloride unless some were promptly 
administeied Only caieful trial and observation can determine under 
what conditions patients with pneumonia (and othei fevers) should 
receive salt, but, in my opinion, it seems that the administration 
of salt IS called foi if the chloride content of the plasma or seium is 
below 90 milliequivalents per liter (0 53 Gm sodium chloride per 
100 cc ), and if the salt can be given without the appeal ance of edema 
In an} eAent, as soon as the tempeiatuie falls, an attempt should be 
made to restore the normal chloride content of the body fluid It is 
possible that some cases of postcntical collapse may be due to the sud- 
den flooding of the body with water set free fiom combination with 
colloids, producing a too low osmotic pressure in the tissues This 
might be effectnely coiiti oiled by the administi ation of sodium chloride 

40 R L Haden is the latest protagonist of the administration of salt to 
patients with pneumonia A review of the literature will be found m one of his 
papers (Am J M Sc 174 744, 1927) 
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SUMMARY 

1 The liteiatuie on the excietion of chloiide in pneumonia is biiefly 
reviewed This shows that the diminished excretion of chloiide in 
the mine is not due to loss in the peispiiation oi in the feces and that 
the letention cannot be accounted foi by a simultaneous retention of 
water, by deposition in the lungs or by an increased concenti ation in 
othei tissues 

2 The s 3 nnptoms following the intiatiacheal oi intiapneumonic 
injection of pneumococcus cultuies in dogs aie described 

3 Shoitly aftei such injection, the amount of chloiide in the mine 
is gieatly iiici eased This is followed by a subnormal excietion 

4 Fiom a review of the liteiatuie it is shown that the same 
sequence is obseived in malaiia in man 

5 It IS suggested that the low concenti ation of chloiide m the 
plasma in pneumonia is due to a lapid excretion of chloiide in the 
early stages of the disease Data fiom the liteiatuie are shown to 
support this view, while none could be found to oppose it 

6 Calculation of the changes observed m the patients showing the 
gieatest lecorded letentions of chloiide in pneumonia show that the 
letention can be satisfactoiily accounted foi in teims of the hypothesis 
here piesented 

7 The clinical significance of the lesults is biiefly discussed 

Dr George B Wallace extended the facilities of his laboratory to me, and my 
assistants, Mr Irving Levy and Mr Paul Brandwein, did most of the analytic 
work 

DISCUSSION 

Dr T S Wilder, Philadelphia I think that our results can be shown best 
by means of slides The first slide illustrates the difference shown by two infants 
with lobar pneumonia, seen fairly early, the fiist on a high salt intake and the 
second on a low salt intake In the one there w^as an almost immediate rapid 
gain in weight and then a piompt loss following the crisis In the other there 
was a rigid loss in weight amounting to 3 pounds (14 Kg), and then an 
increase in weight following the crisis, after the amount of salt in the diet had 
been increased This illustiates the excretion of base and chloride in the urine, 
showing a fairly high excretion from the first, a rise with the crisis and a 
reduction almost to zero at one point One patient became extremely dehydrated 
while the intake of salt vas low, and the other patient became edematous 

This slide illustrates the chart of the second case showing for five days a 
negatue balance At one point the balance was quite low Then, following the 
crisis and an increase in the intake of salt, the balance became markedl}' positive 
I should say that the second patient, the one that became dehydrated, received a 
large amount of w^ater, practically 2 liters a day, and apparently could not retain 
the water without the salt 
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This slide illustrates a case in which the intake of salt was very high The 
patient retained a large amount of salt for the first few days, and then, just before 
death, e'.creted a tremendous amount, which showed that the kidneys were quite 
competent The patient excreted a large excess of salt and yet retained a great 
deal 

The water curves in this slide show roughly that in infants on a high intake 
of -water, 46, 71, 32 and 30 cc , the curve rose rapidly from the start, in those 
on a low intake, the curves dropped, in the ones on a moderate intake of about 
15 cc , the w'eight remained high 

The question I should like to bring up is mainly this If water is bound 
by the tissues, why should these infants on a very high intake of water, but 
receiving no salt, become dehj'drated and lose weight steadily from the start ^ 

Dr J Harold Alstin, Philadelphia I doubt the validity of Dr Greenwald’s 
assumption that a gi\en change of chloride concentration in the water of the 
serum wall be associated with an equal change in the chloride concentration in 
the ^Yater of the whole body, since the normal chloride concentration in the water 
of tissue cells is only about one fifth of that in the water of serum 

Nothing in Dr Greenwald’s data alters our view that it is reasonable to test 
clinically the program of supplying to the patient with pneumonia during the 
febrile period a sufficient amount of sodium chloride to permit the retention of 
salt appropriate to the retention of water exhibited during tbis period, provided 
the administration of salt is not pushed to the point of inducing gam in weight 
or edema Clinical observation b}" us and by others seems to suggest benefit 
from such a regimen 

Dr Greemvald invokes as an explanation of the early exaggerated outpouring 
of chloride in his infected dogs the postulate of Balcar, Sansum and Woodjatt 
of increased binding of water by body colloids during the febrile state with diminu- 
tion of what Woodjatt and his associates called “free water’’ Dr Greenwald 
assumes that this transfer of water from Woodyatt’s “free” to “bound” state 
would reduce its pow'er of holding chloride in solution This assumption deserves 
examination 

Sunderman demonstrated within 2 per cent, the error of his method, that all 
of the w'ater of serum is as free to dissolve chloride as is pure water, and Hill 
found the same to be true within 2 per cent, wdiich was the error of his 
metliod, for the water of mammalian muscle and erythrocytes It follows, then, 
that whatever ma\ be meant by a tendency of the body colloids to bind water, 
there is not a particle of evidence to indicate that the power of the water to dissolve 
chloride will thereby be altered Until experimental evidence is at hand that in 
the febrile state water is bound m serum or tissues m such a way as to alter its 
capacitj’- for dissolving an electrolyte, it is not, I believe, useful to postulate such 
a mechanism in accounting for changes in the chloride concentration in the body 

Dr Greexwald In reply to the observations of Dr Austin and Dr Wilder, 
it seems to me that both Dr Sunderman and Dr Wilder have neglected to take 
into consideration the fact that the tissues contain chloride, and that when these 
are metabolized chloride is available for excretion If this chloride is not excreted, 
it IS as truly retained as anj chloride that is administered 

If Dr Wilder will take his figures for the nitrogen loss and look up the com- 
position of the tissue of the human body, he will find that the chloride lost by 
the children who did not receiv'e sodium chloride in the food was exactly equal 
to the calculated chloride content of the tissue represented by the loss of nitrogen 
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In Sunderman’s calculations, the body weight as a whole, including such tissues 
as bone, was employed There is something wmong with his calculations On 
tw'O successive days, one person excreted 17 and 20 Gm of nitrogen, resulting in 
a loss of 13 and 16 Gm , respectively The urine contained only 0 2 milhequivalent 
of chloride on one day and none on the other The total chloride in the urine 
and feces for the two days was only 2 7 milliequivalents A more effective reten- 
tion cannot be imagined Nevertheless, Sunderman’s method of calculation made 
It impossible for him to determine w'hether there was or was not a retention 
Dr Austin has correctly pointed out that the concentration of chloride m the 
body fluids is only about one fifth of that in the plasma But I am considering 
differences m concentration, not absolute values If the concentration of chloride 
m the plasma is diminished, theie must be a corresponding change in the concen- 
tration of chloride, or of some other substance capable of exerting osmotic pressure, 
in the tissue fluids 

It seems to me that we must assume that the disturbance of chloride metab- 
olism m pneumonia must be the same regardless of the amount of chloride adrmn- 
istered The effects observed must be explained on this basis 

As to the question of bound water, the existence of bound water is purely 
hypothetic, but it is an attractive hypothesis After eighty years of searching for 
this "retained” chloride, the existence of this bound water should not be ruled out 
simply because its presence has not been demonstrated Conditions in normal 
defibrinated blood and m normal serum may be quite different from those in 
circulating plasma in patients with pneumonia 
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III THE EXCRETION OF ANIONS AND OF TOTAL BASE IN 

PNEUMONIA 

ISIDOR GREENWALD, PhD 

NEW YORK 

The striking retention of chloride in pneumonia, which I discussed 
in the preceding paper/ long ago stimulated investigation concerning the 
metabolism of other inorganic constituents Salkowski - found that the 
excretion of sodium was greatly diminished while that of potassium was 
increased Von Moiaczewski ^ analyzed the urine and feces of one of 
his patients for potassium and sodium, and found that the retention of 
chlorine uas accompanied by the retention 'of a somewhat smaller 
amount of sodium There was a continued loss of potassium, which 
was to have been expected in view of the great loss of nitrogen which 
vaiied from 10 to 22 Gm per day 

In the same patient and in others, von Moraczewski ^ obsei ved a 
retention of calcium This observation was confirmed by Peabody,® who 
considered it of considerable significance He made no control experi- 
ment and overlooked the fact that his patient received more than 2 Gm 
of calcium per day, and that normal persons, unless previously on a diet 
high in calcium, would also show a retention if fed diets containing so 
much calcium The diets employed by von Moraczewski contained less 
calcium, and, in lus experiments, negative balances were sometimes 
observed even when the diet contained as much as 1 Gm of calcium 
per day 

V on Hosshn ® studied the excretion of phosphorus in the urine, 
but he found the results to be extremely variable and came to no 
definite conclusion V on Moraczewski’s experiments on balance had 
preMousl} shown a loss of phosphorous roughly paralleling the loss of 
nitrogen 

Submitted for publication, Nov 10, 1930 

From the Littauer Pneumonia Research Fund, New York University 
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6 von Hosshn, H Deutsches Arch f klin Med 93 404, 1908 
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ACistnl and Sundeiman ‘ analyzed specimens of urine obtained by 
Sunderman in his studies on chlonde metabolism They suggested that 

The low chloride excretion in the precntical period of pneumonia is dependent 
in large measure on low chloride intake and perhaps m part upon the need for 
excretion of excessive amounts of sulphate, phosphate, and organic acid under 
the handicap of little fixed base available for excretion It is possible, further- 
more, that this demand for fixed base for excretion is a factor in the low base 
concentration m the serum in the precntical period of pneumonia Correlated 
with this would be a tendency for lowering of the serum chlonde Furthermore, 
in the need for transporting the increased amounts of sulphate, organic acids, 
and phosphate from the tissues to the kidneys we have perhaps a reason, although 
not a mechanism, for the disproportionate lowering of the serum chloride 

It appeals that the failure to consider the influence of the loss of 
body tissue led Austin and Sunderman into erior 

Calculations from data given by Sunderman ® and by Austin and 
Sundeiman show that the patients with pneumonia excreted the fol- 
lowing excesses of anions ovei cations per gram of nitrogen lost 
Bi, 4 8 milhequivalents , Bg, 3 55 and 3 66 , B^, 2 2, 3 7 and 8 3 , B„ 5 92 , 
Bq, 11 and 17, B^ (eight days), 6 9, Bg and Bj, (normal), 5 and 2 8, 
respectively A similai calculation from data given by Benedict for his 
subject L between the twelfth and the eighteenth days of the fast, 
assuming that the total sulphui compiised moiganic sulphate and etheieal 
sulphates m such amounts as to be equivalent to 75 per cent of the 
total expiessed as sulphuric acid, gives an indicated excess of anions 
ovei cations of 4 2 milhequivalents per gram of nitiogen Evidently 
most of the values for the patients with pneumonia are normal The 
few exceptions are appaiently connected with a high intake of sodium 
chloride and may, peihaps, indicate that the letention of base is of moie 
significance than that of chlonde However, in the absence of control 
experiments, no definite conclusion can be drawn 

In view of the gieat variation m the excretion of chlorine obseived 
in some of the experiments described in the preceding paper, it seemed 
desiiable to analyze the specimens of 'uriiie for other inorganic constitu- 
ents The lack of time did not permit a complete analysis of all of the 
specimens obtained Those obtained m expeiiments 7 and 61 and in 
one of the control expeiiments weie selected 

METHOD 

The method of analysis employed for inorganic and ethereal sulphate was that 
of Folin 0 The following method was used to determine the total phosphate and 
total base The urine was oxidized with sulphuric and nitric acids The acid 

7 Austin, J H , and Sunderman, F W J Chn Investigation 7 333, 1929 

8 Sunderman, F W J Chn Investigation 8 313, 1929 

9 Folin, O J Biol Chem 1 131, 1905 



442 


ARCHIVES OF INTERNAL MEDICINE 


mixture \\as transferred to a platinum crucible and evaporated to dryness The 
residue was dissolved in water, made slightly alkaline with ammonium hydroxide 
and then slightly acid with acetic acid Ferric chloride was added until a red 
color was produced, and after the addition of a few drops of a 3 per cent solu- 
tion of a phosphate-free hydrogen dioxide, the mixture was heated to boiling and 
filtered After being washed with hot water, the precipitate was dissolved in 
dilute nitric acid, and the phosphorus was precipitated with molybdate solution 
The precipitate was filtered on a Gooch crucible fitted with a piece of filter paper 
and washed with a solution containing 5 per cent ammonium nitrate and 1 pe- 


Table 1 — Exaction of Amons and Total Base Afta the Injection of Stenle 

Biothj Expamient 32 






Inor 

game 

Etheral 







Chlor 

Phos 

Sul 

Sul 

Total 

Total 

Excess 




me, 

MiUi 

pnate, 

phatc, 

phate, 

Anions, 

Base, 

Anions, 



Nitro 

Milli 

Milh 

Mill! 

Mill! 

Milh 

Milh 



gen, 

Gm 

equn a 

equiva- 

cqun a 

cquiva 

equu a 

eqmva 

equn a 


Bate 

lents 

lents* 

lents 

lentst 

lents 

lents 

lents 

Comment 

March 30 

15 69 

55 6 

32 9 

39 3 

19 

129 7 

24 0 

105 7 


31 

9 84 

34 7 

11 5 

17 7 

09 

64 8 

24 9 

39 9 


April 1 

10 69 

22 0 

24 8 

31 0 

12 

79 0 

10 0 

03 0 


O 

11 02 

28 2 

37 3 

28 8 

1 1 

95 4 

13 5 

81 9 


3 

106 

2 76 

5 46 

30 

0 09 

11 31 

0 05 

11 20 

Voided SIX hours 










after injection 


1 35 

3 89 

4 75 

3 63 

010 

12 43 

0 31 

1214 

Voided SIX hours 










later 


1 94 

3 72 

20 0 

5 90 

0 40 

30 08 

0 00 

oO OS 

Voided during 










night 

Total 3 

4 33 

10 37 

30 21 

12 01 

0 65 

53 84 

0 36 

53 34 

Injected broth con 
tamed 2 57 mill! 










equivalents chlor 
me, 0 06 milhequiv 
alents phosphorus 
and 4 61 milliequiv 










alents total base 

■tpril 4 

1 8’ 

113 

10 5 

512 

0 27 

2719 

27 

24 49 

Injected broth con 


tmned 1 18 milli 
equivalents chlor 
me, 0 27 milliequiv- 



3 

3 87 

26 9 

17 4 

97 

0 52 

54 5 

24 8 

29 7 

alents phosphorus 
and 1 60 milliequiv 
alents total base 
Injected broth con 


6 

510 

14 2 

20 0 

14 3 

012 

54 0 

10 6 

40 0 

tamed 1 11 milh 
equivalents chlor 
me, 0 27 milliequiv- 
alents phosphorus 
and 1 60 milliequiv 
alents total base 


* Calculated as 1 8 millicquivalents per millmiol 
t Calculated as i milliequivalent per millimol 


cent nitric acid and then with alcohol It was then titrated with a 0 1 per cent 
nitric acid and alkali formaldehyde being used to remove the ammonia 

The filtrate from the basic acetate precipitate was evaporated to drynesS) first 
in glass and then in a silica dish After removal of most of the ammonium 
salts b} gentle heating, the residue was transferred to a platinum crucible, evap- 
orated to drj ness and ignited The residue was dissolved in dilute hydrochloric 
acid, and the sulphate content was determined by precipitation with barium chloride 
and weighing on a Gooch crucible 

COMMENT 

Table 1 shows a remarkable dirninution in the excretion of total base 
on the fiist two days of the injection of sterile broth The amount of 
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total Ijase \\as not only less than \Aas lequned to combine with the 
excieted chlorine, but it was actuall) less than the amount injected with 
the bioth 

Following the injection of the cultmes (tables 2 and 3) theie ^^as 
a slight excess of base ovei that requued to combine with the chloiine 


Table 2— Exaction of Anions and of Total Base Aftei the Injeetion of Pncu 

mococcus Cnltuie, Expci imcnt 61 


In or 






game 

Ethcral 







Chlor 

Phos 

Sul 

Sul 

Total 

Total 

Excess 




me, 

phate, 

phate. 

phate. 

Anions, 

Base, 
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Xitro 

AIilll 

Milli 

Milli 

IMilli 

Alilb 

IMilli 

Mill! 



Kcn, 

Gm 

couiva 

equn a- 

equn a 

equiva 

cquiva 

equiva 

equiva 

Commeht 

Date 

lents 

lents*' 

lents 

lentsf 

lents 

lents 

lents 

Tebruary G 

SoO 

25 5 

20 2 

10 S 

09 

66 4 

24 7 

417 


7 

10 13 

201 

39 0 

33 7 

IS 

94 7 

30 6 

64 1 


S 

7 75 

33 0 

44 7 

GOS 

1 4 

109 9 

19 5 

90 4 


9 

9 G4 

29 1 

30 2 

23 6 

1 0 

83 9 

13 6 

70 3 


10 

11 51 

30 2 

26 4 

27 2 

1 2 

85 0 

12 1 

72 9 


n 

2 44 

oSl 

04 

""7 8 

03 

66 6 

501 

10 5 

Voided eight hours 










after first mite 
tion 


2 4S 

14 2 

16 4 

86 

04 

39 6 

30 2 

04 

Voided during 










night 


1 4S 

2 2 

13 9 

« o 

i 

02 

19 6 

4 7 

14 9 

Voided next morn 










mg 

Total 11 

0 40 

74 5 

GO 7 

19 7 

09 

125 8 

85 0 

40 8 

Injected culture 
contained 2 85 
milliequiv alents of 
chlorine, 0 59 milli- 
cquivalent® of 
phosphorus, and 

4 11 milliequix a 
lents of total base 

Pebruar^ 12 

OSIO 

2 4S 

OSS 

1 51 

0 14 

5 01 

G 77 

1 24 

t oided three hours 
after Injection 


1033 

3 30 

0 14 

182 

0 09 

5 Go 

5 11 

0 24 

Voided four hours 
later 


1 016 

1 16 

0 20 

2 81 

0 07 

4 27 

3 81 

0 46 

Voided four hours 
later 


1 7TS 

1 30 

0 33 

3 75 

0 15 

5 58 

5 46 

0 12 

Voided during 
night 

Potal 12 

4 037 

S 24 

160 

9 92 

0 45 

20 21 

IS 15 

2 06 

Injected culture 

PebruarN 13 









contained 0 85 
milliequn alents of 
chlorine, 0 19 milli- 
equivalents of 
phosphorus, and 

1 29 milliequiv a 
lents of total base 

3 00 

1 28 

5 oO 

6 50 

OP? 

13 oO 

2 23 

11 27 


1 S9 

0 48 

210 

3 77 

Oi. ’ 

6 58 

0 78 

5 80 



2 11 

0 24 

519 

6 25 

0 21 

11 89 

2 47 

9 42 


Total 13 

7 00 

2 00 

12 SS 

16 52 

0 56 

31 97 

5 48 

26 48 


Pebruarv 14 

C 11 

OSO 

4 01 

9 50 

0 31 

14 62 

0 93 

13 64 



* Calculated as 1 S millicciun alents per millimol 
•f Calculated as 1 milliequivalent per millimol 


in the urine The excess of total anions over total cations aftei the 
injection of the cultures was not gieatly different from that after the 
injection of steiile bioth 

Analysis of the individual Aoidings, as summarized in tables 1 and 
2, sho^^ s a striking difference between the excretion of phosphorus in 
the first few hours after the injection of sterile broth and that after the 
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injection of a pneumococcus cultuie In the latter case, though the 
length of time represented was greater by one-thiid and the nitrogen 
content of the urine was more than twice as great, the excietion of 
phosphorus was less than one tenth of what it was m the former 

This lesult is identical with that found m malaria by \on 
jMoraczewski ^ It is interesting to read his description of the sequence 
ot the changes m the excietion of the various elements 

Wenn wir uns also nach dem Gesagten ein Schema des Fiebers entwerfen 
vollten, so halte dieses folgende Gestalt Die erste Erhohung der Temperatur 
soil eine Vermehrung des Chlors (Natrium, Kalium, Calcium, Ammomak lesse 
ich aus, um das Bild nicht zu complicieren), erne Verminderung des Stickstoffs 
(oder Vermehrung), eine Verminderung des Phosphors nach sich ziehen — Die 
zweite periode, wenn das Fieber unverandert andauert, zigt em allmahhches Sinken 
der Chlorausscheidung, ein Steigen des Stickstoffs (oder \erbleiben auf der 
fruheren Hohe) ein Sinken des Phosphors — Die dritte Periode — immer bei 
gleicher Temperatur — zeigt ein Sinken des Chlors, ein Steigen des Phosphors und 
des Stickstoffs, unzwar ist jetzt das Chlor unter Norm gesunken, Phosphor und 
Stickstoff uber Norm gestiegen — jetzt haben wir den Ausscheidungstypus, der als 
Fieberharn bekannt ist Dieses Bild kann nun andauern, wenn die Temperatur 
unierandert bhebt Fallt die Temperatur (vielleicht durch Verdunnung des 
Blutes), so tritt das \ierte Stadium em, das Chlor wird noch mehr resiniert, 
der Phosphor und der Stickstoff noch mehr augescheiden Dauert das Fallen der 
Temperatur, so erreicht Chlor das Almimum, Phosphor und Stickstoff ihr 
Maximum, und es andert sich das Bild allmahlich Es tritt das funfte Stadium 
em, die Chlorausscheidung steigt bis zur Norm, Phosphor und Stickstoff kommen 
zur normalen Menge zuruck 

(If in accordance with this we wish to outline a scheme of the fever, it would 
be as follows The first increase in temperature should be followed by an increase 
in chlorine (I disregard the sodium, potassium, calcium and ammonia m order not to 
complicate the picture), an increase (or decrease) in nitrogen and a decrease in 
phosphorus If the fever continues unchanged, the second period shows a gradual 
reduction in the elimination of chlorine, a gradual rise in the nitrogen (or a per- 
sistence at the former level) and a decrease in phosphorus The third period — 
the temperature remaining the same — shows a decrease m chlorine and an increase 
in phosphorus and nitrogen, to be sure, the chlorine has now fallen below the 
normal and the phosphorus and nitrogen have increased above the normal The 
t\pe of elimination is now knoun as fe^er urine This picture can persist only 
if the temperature remains unchanged If the temperature decreases (perhaps 
as a result of a dilution of the blood), the fouith stage sets in still more chlorine 
IS retained and still more phosphorus and nitrogen are eliminated If the fall 
in the temperature continues, the chlorine reaches the minimum and the phos- 
phorus and nitrogen the maximum, and the picture changes gradually Then 
the fifth stage develops in uhich the elimination of chlorine increases to the 
normal amount and the phosphorus and nitrogen have fallen to the normal 
quantities ) 

It IS amazing that ton Moiaczewski did not seem to realize that this 
initial outpouring of chlorine which he observed m malaria, may have 
been so largel)'’ responsible for the retention that he and others observed 
in pneumonia 
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Tlieie can be little doubt that the initial disturbance in the metabolism 
of chloride and phosphate in malaiia and pneumonia (and piobably 
othei feveis) is much the same In malaiia, these data are available 
for study , m pneumonia, they are not A possible explanation for the 
initial loss of chloiide is presented m the piecedmg papei,^ but the 
mechanism by which the retention of phosphorus is bi ought about is 
still unknown 

SUMMARY 

1 A review of the hteiature on the excietion of anions and cations 
in pneumonia leads to the following conclusions (o) The inci eased 
excietion of potassium is due to the increased destruction of tissue (h) 
The letention of sodium loughly paiallels that of chloiine (c) The 

Table 3 — Excretion of Anions and Total Base Aftei the Injection of Pneumo- 
coccus Cultuic, Eipciinicnt 7 


Inor- 
ganic Ethcral 




Chlor 

Phos 

Sul 

Sul 

Total 

Total 

Excess 



me, 

pliatc, 

phate. 

phate. 

Anions, 

Base, 

Anions, 


Xitro 

Milli 

Mill! 

Milli 

Milli 

Milli 

Mill! 

jMilli 


gen, 

equiva 

equiva- 

equiva 

equiva 

equn a 

equn a- 

equiva- 

Date 

Gm 

lents 

lents* * 

lents 

lentst 

lents 

lents 

lents 

Marcb SI 

714 

28 8 

13 9 

141 

07 

57 3 

33 9 

23 0 

April 1 

5 OS 

23 7 

Cl 

10 3 

04 

40 5 

27 2 

13 3 

2 

SSI 

38 9 

20 S 

18 7 

10 

78 4 

48 3 

801 

o 

o 

oOG 

03 S 

29 9 

12 7 

08 

107 2 

03 0 

42 2 


Comment 


Injected culture 
contained 2 9 
milliequivalents 
of chlorine, 0 5 
milliequivalents 
of phosphorus 
and 3 5 millieqm\- 
alents of total 
base 


* Calculated as 1 S milhcqun alents per milhmol 
t Calculated as 1 milliequn alent per milhmol 

retention of calcium reported by some obseiveis was due to a diet high 
m calcium and was not related to the pneumonia (d) There is no 
maiked disturbance in the anion-cation balance after the pneumonia 
has developed 

2 The intratiacheal injection of sterile broth was followed on the 
first day by a marked diminution in the excietion of chlorine and by 
an even greater decrease in the excretion of total base The amount 
of the latter m the urine was less than in the injected broth 

3 Dm mg the fiist few hours after the injection of pneumococcus 
cultuies, the excretion of phosphoius was much less than after the 
injection of steiile broth The same diminished excretion of phosphoius' 
dm mg the development of the fever has previously been observed by 
others in malaiia in man 

4 It is concluded that the initial disturbance in the metabolism of 
chloride and phosphorus m malaria and in pneumonia is the same 



THE SIGNIFICANCE OF CEREBROSPINAL FLUID 

SUGAR 

ERNEST F WAHL, MD 

THOMASVILLE, GA 

The iDuipose of this lepoit is to add fuither data to that aheady 
recorded, in order to establish more definitely the relationship of the 
sugar in the blood and in the cerebrospinal fluid in health and 
disease Although the cerebrospinal fluid has been the subject of chemical 
investigation for many jeais, it was not until an increase in the sugai 
in the spinal fluid was said to be diagnostic of epidemic encephalitis 
that quantitative deteiminations of sugar were given especial attention 

The amount of sugar m normal spinal fluid was at first determined 
by the examination of fluids pi omiscuously obtained Some of these 
results, which were extremely vaiiable, were undoubtedly influenced 
b}' the difteient methods of examination, while otheis were aftected 
by the level of the blood sugar 

Shiewsbuiy and Williamson^ examined 151 fluids b)’’ the Fohn- 
Wu method In an attempt to thiow more light on the theoiy that 
ghcohsis occurs lapidly, they made two readings of each of 16 fluids 
Fluids examined within one hour after removal were fiom 1 to 8 mg 
higher in sugar content than when they were examined twelve hours 
later 

Halhday ^ accounted foi some of the high readings of sugai m the 
spinal fluid by the fact that the sugar curves in the cei ebi ospinal fluid coi- 
respond to the sugar curves m the blood, but are delayed He found 
that the amount of sugai in the spinal fluid was fiom 50 to 70 per cent 
as high as the amount of sugar in the blood when the specimens were 
obtained at the same time after the patients had fasted foi several hours 
In twenty cases of encephalitis, the amount of sugar in the blood 
varied from 68 to 128 mg and the amount of sugar in the spinal fluid 
from 42 to 70 mg 

In a comparative study of the sugar in the blood and in the spinal 
fluid 111 206 cases of nervous and mental disease, Saye ® found the 

’■ Submitted for publication, Dec 10, 1930 

1 Shrewsbury, J F D , and Williamson, G F Critical Review of the 
Cerebrospinal Fluid Sugar, J Neurol & Psychopath 9 11 (July) 1928 

2 Hallida}, J L Spinal Fluid Sugar in Encephalitis, Quart J Med 18 300 
(April) 1925 

3 Save, E B Dextrose Content of Cerebrospinal Fluid in Certain Nervous 
and Mental Diseases, J M A Georgia 15 92 (March) 1926 
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amount of sugar in the spinal fluid the same m psychotic as in normal 
patients He considered the normal quantity to be fiom 40 to 60 mg 

Fiemont-Smith and Daily pointed out that blood sugai cui\es aie 
followed by similai cuives in the spinal fluid, so at one stage, the 
content of sugar m the spinal fluid might be found high after the 
sugar in the blood had letuined to a noimal level They found sugar 
in the spinal fluid above 80 ing in many conditions othei than enceph- 
alitis These instances of high sugar content in the spinal fluid aie 
usually associated with hypergl 3 <ceinia, which may be due to a metabolic 
disorder oi to ceiebral lesions In four cases, they found an increase 
of from 6 to 9 mg of sugar in the spinal fluid after an mteival of fioin 
one to one and one-half hours following oial or intravenous adminis- 
tiation of dextiose 

Greenfield and CarmichaeH consideied the normal limits of sugai 
111 the spinal fluid to be from 45 to 85 mg In their expeiience, an 
increase in the sugai content of the spinal fluid is usually a reflection 
of an increase m the sugar content of the blood and is most likely to 
occur in diabetes melhtus or m nephiitis, although the sugar in the 
spinal fluid may be slightly inci eased in any condition that iiici eases 
the intracianial pressure Except m these conditions, Gieenfield and 
Carmichael do not believe that the amount of sugar in the spinal fluid 
ever exceeds 100 mg 

Goodwin and Sheeley are of the opinion that the sugar in the 
spinal fluid does not maintain a constant level in the same peison and 
that there is no level within leasonable limits that might be considered 
normal for diffeient persons In their expeiience, the amount of sugar 
m the spinal fluid is noimally, fairly constant at fiom 45 to 65 per 
cent of the amount of sugar in the blood 

Gra^zel and Orent," experimenting on dogs, demonstrated the effect 
on the sugar in the spinal fluid of an inciease in the sugar m the blood 
and proved the latent rise of the fluid sugar cuive Cistein punctures 
were made on dogs Samples of blood and of spinal fluid were taken 
after the dogs had fasted and after the mtrapentoneal administration of 
fiom 0 5 to 1 0 Gm of dextrose per kilogram 

Specimens weie again taken at intervals of fifteen, thirty and sixty 
minutes for from six to seven hours The whole blood showed a sharp 

4 Fremont-Smith, F, and Dailey, M E Cerebrospinal Fluid Sugar, Arch 
Neurol & Psychiat 14 390 (Sept ) 1925 

5 Greenfield and Carmichael The Cerebrospinal Fluid in Clinical Diagnosis, 
New York, The Macmillan Company, 1925 

6 Goodwin, G M , and Shelley, H J Sugar Content of Cerebrospinal Fluid 
and Its Relation to the Blood Sugar, Arch Int Med 35 242 (Feb ) 1925 

7 Gra: /el, H G , and Orent, E R Blood and Cerebrospinal Fluid Sugar 
Am J Dis Child 34 1007 (Dec) 1927 
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use in twent}- -seven minutes and the plasma m thnt}-nme minutes, 
vhile the spinal fluid leached its maximum m two hours and thirty 
minutes The return to the normal level was m piopoition to the use 
The whole blood leached the normal level m thiee hours and twenty 
minutes, the plasma m foui hours and twenty minutes and the spinal 
fluid 111 from six to seven houis In the animals that had fasted for ten 
hours, these authois found that the amount of sugar in the noinial 
spinal fluid varied from 40 to 75 mg 

In a series of syphilitic patients, Becker ® found a tendency to low 
values of sugai in the cerebi ospinal fluid when the cell count was 
high and the changes m the colloidal benzoin reactions occurred in the 
fiist zone He attiibuted this tendency to low values to an alteration in 
the permeability of the meninges and of the choroid plexus by the 
infection An ahmentaiy hyperglycemia showing a blood sugar content 
of 185 mg pel hundred cubic centimeters had no effect on the sugar 
in the spinal fluid, nor did five months of intensive treatment affect it 

Wilcox, Lyttle and Hearn® advocated examination of the sugai s 
in the blood and in the spinal fluid on specimens simultaneously obtained 
Under such conditions, they found that the amount of sugar in the 
spinal fluid was from 40 to 60 per cent of the amount of sugar in the 
blood Since high values occur in epidemic encephalitis, acidosis, men- 
ingitis, convulsions, nephiitis and poliomyelitis of the bulbar type, this 
evidence cannot be consideied diagnostic 

Additional evidence to suppoit the tlieoiy that the spinal fluid is 
affected by the concenti ation of the sugar in the blood was recently 
fuimshed by Katzenelbogen Experimenting with labbits, he was able 
to alter both the sugai in the blood and in the spinal fluid by injections 
of dextiose, insulin and epinephrine However, the meningeal perniea- 
bilit}- to dextrose varies in different, apparently healthy rabbits It may 
also vary in the same labbit from day to day without any apparent 
change in condition 

Penfold and Irving’-^ lecently published lesults that correspond 
more closely to the observatibns in this series of cases than do those of 
other investigators (table 1) In their series, the average amount of 
cerebrospinal fluid sugar was 76 mg and the lowest reading showed 
68 mg 

8 Becker, S W The Sugar and Chloride Content of Cerebrospinal Fluid 
with Special Reference to Neurosyphilis, J Lab Clin Med 12 43 (Oct) 1926 

9 Wilcox, H B , L\ttle, J D, and Hearn, J E Chemical Composition of 
Spinal Fluid Diagnostic Value, Am J Dis Child 30 513 (Oct ) 1925 

10 Katzenelbogen, S Experimental Study on the Sugar in Blood and 
Cerebrospinal Fluid, J Pharmacol & Exper Therap 36 231 (June) 1929 

11 Penfold, W J, and Ir\ing, D H Refractive Index of Cerebrospinal 
Fluid as Check on Chemical Anahsis, M J Australia 1 772 (June 14) 1930 
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In each case leported in the accompanying tables, the blood and 
spinal fluid were drawn simultaneously after the patient had fasted for 
at least twelve houi s The readings wei e made \\ ithm one hour after the 
specimens weie obtained Epstein’s microchemical method on the piin- 
ciple of the Lewis-Benedict method was used m most instances The 

Table 1 — Obseimtwiis of Some luvestigaloi s 


Author 

Normal Spinal 
riuid Sugar 

Summary 

Alpcr=, B J , Campbell, G J , and 
Prentiss, A M Arch Keurol & 
Psjchiat 11 053 (June) 1921 

50-00 mg 

Average amount of spinal fluid sugar 
m cases of encephalitis, S2 mg , in 
ca«es of dementia praccox, 83 mg 

Coohson Brit M J 1 157, 1925 


High content of spinal fluid sugar in 
all cases of encephalitis in series 

Cranford and Cantarow Am J M 
Sc 171 S59, 1020 


High content of globulin and sugar in 
spinal fluid characteristic of increased 
intracranial pressure, high spinal 
fluid sugar content in mental dis 
orders 

Poster and Cochrcll Am J U Sc 
1G7 090, 1924 


Sugar content over 60 mg in 34 of 35 
cases of tncephahtis 

Kubie and Schultz J E\per Med 42 
665, 1925 

33 SI mg 

83 81 per cent of blood sugar 

Levinson, A Am J Dis Child ao 
774 (Dec ) 1925 Cerebrospinal Pluid 
in Health and m Disease, ed 2, St 
Louis, C V Mosby Co , 1923 

64-106 mg 


Ni\on, C E , and Egerer Scham, G 
Arch Int Med 2S 501 (Nov) 1921 

45-95% of 
blood sugar 


Purves Stewart, James Diagnosis of 
Nervous Diseases, New York, E B 
Treat & Company, 1924 


High content of spinal fluid sugar in 
cneephalitis in contrast with low 
values in tuberculous meningitis and 
early pohomjelitis 

Rieger, J B Boston M & S J IT” 
S17, 1010 


Prom 134 to 236 mg of spinal fluid 
sugar in cases of diabetes mellitus 

Schloss, A M Am J Dis Child 11 

1 (Jan ) 1910 

53-130 mg 


Spurhng, R G , and Maddock, C L 
Arch Neurol & Psychiat 14 54 
(julj) 1925 

57-S4 mg 


Stowe, W P J Lab & Clin Med 
11 307, 1920 

00-91 mg 

“High” in two cases of encephalitis, 
from 10 to 13 mg in tuberculous 

Thalheimer, W , and Updegrafl, H 
Arch Neurol & Psjchiat S 15 
(Juh) 1922, J A M A 7S 1383 
(Maj 0) 1922 

Upper limits 
60-05 mg 

meningitis 

Wittgenstein, A Deutsche med Wchn 
schr 4’) 240, 1923 

45-00 mg 



leadings from the Fohn-Wu method did not vary materially from the 
miciochemical readings Readings were checked at short intervals by 
the Lewis-Benedict method so that fading of the standard would not 
affect the results 

Although a manometer was used to determine the pressure of the 
fluid in many of the recoided cases, the results are tabulated m the 
tables in other terms In many cases punctures weie made while 
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W 

M 

G 

Cloud^ 
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78 

Keg 
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encephalitis 

Y 

r 

27 
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X 
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M 
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W 

JI 
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K 
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Xtg 
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W 

M 
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11 
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78 
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W 

M 

9 
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+3 

90 

+2 

85 

95 

89 
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W 

M 

30 

Clear 

+2 
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+1 

90 

no 

82 
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Acute 

encephalitis 

W 

M 

22 

Clear 

+2 

00 

+1 

86 

lOS 

79 

Xeg 

Xeg 

Acute 

encephalitis 

C r 13 Cloudy 

Average (20 cases) 

+3 

220 

+3 

75 

87 

90 

112 

83 

77 

Xeg 

Keg 

Acute 

encephalitis 


* Ratio of spinal fluid sugar to blood sugar 
t In this and the following tables N indicates normal 


the patients were being foicibly held and it was, theiefore, impossible 
to get them in the lelaxed horizontal position that is desiiable when 
a manometei is used The piessuie was considered noimal when the 
fluid flowed in successive drops at a rate of more than twenty diops per 
minute when the stilet was first removed When the fluid spurted m 
a stieam fioni the needle, the pressure was recoided as -f- 4 An 18 
gage needle was used on adults and a 22 gage needle on infants and 
small children Although this method of determining the piessuie of 
the spinal fluid is somewhat gross, the results are satisfactory for clinical 
pui poses 

SUMMARY 

Tmo bundled and one readings were made on both the blood and 
the spinal fluid of 145 patients 

Foity-two readings m twenty cases of encephalitis gave an average 
of 87 mg for the sugai m the spinal fluid and 112 mg for the sugar 
m the blood with a ratio of /7 per cent (table 2) It is interesting to 
note that thirty-two readings on ten patients with acute encephalitis 
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gave exactly the same averages as did the leadings on the entiie gioup 
of patients with encephalitis In one instance, the amount of sugai in 
the spinal fluid was higher than the amount of sugar in the blood 
This occuired in a vhite boy, aged 9, when the acute symptoms weie 
beginning to subside 

Table 3 — Syphdts 


Appear Pres Was 

ance of sure of Spmal ser Quecken 

Cerebro Cerebro Pluid Blood Ratio, mann stedt 


Race 

So\ 

Age, 

Years 

spinal 

riuid 

spinal 

Pluid 

Cells 

Glob 

ulin 

Sugar, Sugar, 
Mg Mg 

. per 
Cent* 

Reac 

tion 

Reac- 

tion 

Comment 

C 

P 

25 

Clear 

X 

2 

Xeg 

80 

lOS 

74 

Keg 

Keg 

Siphilitic 

cirrhosis 

W 

M 

G 0 

Clear 

N 

1 

Keg 

90 

100 

GO 

Keg 

Keg 

Old tabes 

0 

M 

51 

Clear 

X 

10 

Trace 

82 

105 

78 

Keg 

Keg 

Clinical 


neurosjph 
ills,, Wasser 
mann reac 
tion of the 
blood posi 
tive, rapid 
improve 
ment under 
treatment 


W 

M 

02 

Clear 

K 

U 

Trace 

CS 

80 

85 

■f4 

Keg 

Keuro 

syphilis 

W 

M 

40 

Clear 

K 

11 

Trace 

75 

100 

75 

+i 

Keg 

Tabes 

W' 

M 

59 

Clear 

K 

9 

Keg 

70 

IOC 

CC 

+3 

Keg 

Tabes 

w 

M 

51 

Clear 

K 

40 

-r2 

78 

110 

70 

+4 

Keg 

Paresis 

w 

M 

45 

Clear 

K 

11 

Traee 

SO 

120 

CC 

4- 

Keg 

Paresis, 
treatment 
given for 
one 1 ear 

w 

P 

SS 

Clear 

K 

13 

Trace 

76 

110 

C9 

-1-4 

Keg 

Tabes 

w 

P 

50 

Clear 

K 

27 

+2. 

70 

90 

77 

-1-4 

Keg 

Taboparesis 

w 

M 

38 

Clear 

K 

08 

o 

90 

124 

72 

-1-4 

Keg 

Keuro 

syphilis 

w 

P 

14 

Clear 

K 

3 

Keg 

80 

122 

05 

Keg 

Keg 

Congenital 
S 5 phihs 

w 

M 

CO 

Clear 

K 

6 

Keg 

88 

100 

88 

Keg 

Keg 

Periostitis 
of the fron 
tal bone 
clinically 
diagnosed 
as neuro 
sj phihs 

w 

M 42 Clear 

Ai erage (14 cases) 

K 

52 

—2 

79 

79 

113 

lOG 

69 

74 

+i 

Keg 

Keuro 

syphilis 


♦ Ratio of spinal fluid sugar to blood sugar 


Fourteen patients with syphilis showed an average of 79 mg of 
sugar in the spinal fluid and of 106 mg of sugar in the blood, with 
a ratio of 74 per cent (table 3) 

Thirt)-thiee patients with miscellaneous neurologic lesions showed 
an average of 84 mg of sugar in the spinal fluid and an average of 


Table 4 — Miscellaneous Ncuiologic Cases 


Race 

Age, 
Sc\ Years 

Appear 
ance of 
Cerebro 
spinal 
lluid 

Pres 
sure of 
Cerebro 
spinal 

1 luid 

Cells 

Glob 

ulin 

Spinal 

lluid Blood Ratio, 
Sugar, Sugar,* per 
51g 51g Cent* 

AA’as 

ser- 

mann 

Reac 

tion 

Quecken 

stedt 

Reac- 

tion 

Comment 

W 

51 

2S 

Clear 

R 

10 

'I race 

90 

110 

SI 

Reg 

Reg 

Acute mac 
htis cord 
emulsion 
failed to 
give positue 
results after 
inoculation 
of rabbits 
and guinea- 
pigs 

AV 

51 

20 

Clear 

R 

3 

Reg 

7S 

114 

OS 

Reg 

Reg 

Healed mje 
htis with 
spastic 
paraplegia 

W 

51 

41 

Clear 

R 

14 

Irace 

90 

120 

75 

Reg 

Reg 

Alaelitis 
f ollov mg 
exhaustion 
from heat 

AV 

51 

19 

Clear 

R 

2 

Reg 

SO 

105 

70 

Reg 

Reg 

Acute 

malaria vith 
sjmptoms 
of cerebral 
thrombosis 

C 

P 

14 

Clear 

R 

4 

+1 

100 

110 

90 

Reg 

Reg 

Paramyo 

clonus 

multiplex 

C 

P 

IS 

Clear 

R 

5 

Reg 

S2 

102 

so 

Reg 

Reg 

Bilateral 
cervical 
ribs, spastic 
quadra 
plegia 

A\ 

P 

IS 

Clear 

-1 3 

10 

-M 

95 

115 

S2 

Reg 

R'eg 

Acute 

uremia 

AA" 

r 

15 

Clear 

R 

1 

Reg 

So 

110 

77 

Reg 

Reg 

Unclassifled 
type of 
familial 
disease of 
central ner- 
a ous Si stem 

AA" 

51 

50 

Clear 

R 

2 

Reg 

SO 

104 

77 

Reg 

Reg 

Cerebral 

thrombosis 

C 

51 

GO 

Clear 

R 

192 

+1 

90 

120 

75 

Reg 

Reg 

Tic doulou 


rcu\, occur- 
ring t■^^ o 
days after 
injection of 
alcohol, 
neutrophils, 
50 per cent 


C 

51 

34 

Clear 

R 

2 

Reg 

lOS 

120 

90 

Reg 

Reg 

Cerebral 

thrombosis 

C 

51 

49 

Clear 

R 

2 

Trace 

SO 

110 

72 

Reg 

Reg 

Syringo- 

myelia 

TV 

51 

22 

Clear 

R 

2 

Reg 

80 

101 

77 

Reg 

Reg 

Pseudobul 
bar paralysis 

C 

51 

10 

Clear 

R 

1 

Reg 

90 

105 

85 

Reg 

Reg 

Rarcolepsy 

AV 

51 

24 

Slightly 
i elou 

De 

creased 

8 

Trace 

84 

102 

82 

Reg 

Pos 

Paehymcnin- 

gitis 




Clear 

De 

70 

Trace 

90 

110 

81 

Reg 

Pos 

Recovery in 





creased 








SIX months 

AA 

5f 

59 

Clear 

R 

2 

Reg 

100 

130 

70 

Reg 

Reg 

Paralisis 

agitans 

AV 

51 

59 

Clear 

R 

4 

Trace 

92 

112 

82 

Reg 

Reg 

Amyotroph- 
ic lateral 













sclerosis 

AA 

51 

49 

Clear 

R 

10 

Reg 

SO 

115 

09 

Reg 

Reg 

Cerebral 


arterio 

sclerosis 

hjpertrophic 

arthritis 


* Ratio of spinal fluid sugar to blood sugar 



Table 4 — Miscellaneous Neinologic Cases — Continued 


Race 

Sev 

Age, 

Years 

Appear 
ance of 
Cerebro 
spinal 
riuid 

Pres 
sure of 
Cerebro 
spinal • 
Fluid 

Cells 

Glob 

ulin 

Spinal 

Fluid Blood Ratio, 
Sugar, Sugar, per 
JJg Mg Cent” 

V as 
ser 

, mann 
Reac 
tion 

QuccLon 

stedt 

Reac 

tion 

W 

M 

56 

Clear 

A 

5 

Xeg 

SS 

112 

7S 

Keg 

Keg 

C 

M 

42 

Clear 

R 

1 

Xcg 

89 

140 

03 

Keg 

Keg 

C 

H 

19 

Clear 

R 

S 

Xcg 

75 

104 

72 

Keg 

Keg 

w 


42 

Clear 

R 

3 

Xcg 

85 

lOS 

7S 

Keg 

Keg 

V 

AI 

70 

Clear 

N 

1 

Keg 

so 

110 

78 

Keg 

Keg 

w 

AI 

57 

Acllow 

Low 

13 

Trace 

74 

no 

07 

Keg 

Pos 

V 

P 

20 

C'oar 

X 

4 

Keg 

72 

lOS 

00 

Keg 

Keg 

w 

AI 

40 

Clear 

-1 

11 

Trace 

74 

ns 

02 

Keg 

Keg 

w 

AI 

aS 

Clear 

K 

7 

Keg 

76 

100 

76 

Keg 

Keg 

Vi 

AI 

48 

Clear 

X 

2 

Keg 

72 

112 

04 

Keg 

Keg 

V 

AI 

27 

Clear 

N 

3 

Keg 

S5 

no 

77 

Keg 

Pos 


W AI 

73 

Clear 

K 

2 

Keg 

90 

112 

so 

Keg 

Keg 

V, r 

59 

Clear 

K 

47 

Trace 

75 

105 

71 

Keg 

Keg 



Clear 

Low 

40 

Trace 

90 

no 

81 

Keg 

Pos 

At r 

G5 

Clear 

K 

O 

Keg 

72 

no 

05 

Keg 

Keg 

C P 

10 

Clear 

K 

1 

Keg 

78 

105 

74 

Keg 

Keg 

Average (33 cases) 




84 

in 

75 




* Ratio of spinal fluid sugar to blood sugar 


Comment 

Old fracture 
of first 
lumbar 
t ertebra 
cord injurj 

Pulmomrj 
tuberculosis, 
parLinson 
lan tremor 
of imlvnonn 
ctiologj 

Bell’s 

paralysis 

Vertigo 

cauce 

tinLnonn 

Cerebral 

arterio 

sclerosis 

flumor of 
tbc sp nal 
cord 

Old polio 
injclitis 

Chrome 
alcoholism 
RorsaLoff s 
sj ndromc 

Piilmonarj 

tuberculosis 

cerebellar 

tubercle 

Progressn e 

muscular 

atrophy 

Pott’s dis 
ease ob 
stniction to 
iodized 
poppi seed 
oil 40% from 
6th to Sth 
dorsal 
vertebra 

Cerebral 

arterio 

sclerosis 

Cerebral 

softening 


Hemiplegia 

Peripheral 

neuritis 


111 mg of sugar in the blood, with a ratio of 75 per cent The highest 
leading for sugar in the spinal fluid in this group was 100 mg and 
occurred in a patient vith paramyoclonus multiplex This represented 
a ratio of 90 per cent (table 4) 



Table 5 — Mcmngiiis 





Appear- 
ance of 

Pres 
sure of 



Spinal 



Was 

Eor 

Queclvcn 





Cerebro 

Cerebro 



lluicl Blood Ratio, 

niann 

stedt 




A r'P- 

spina) 

spinal 


Glob 

Sugar, Sugar, per 

Reac 

Reac 

Comment 

Race 

Se\ lears 

riuid 

riuid 

Cells 

ulin 

Mg 

-Mg 

Cent* 

tion 

tion 

\V 

A1 

*> 

Oloudj 

-4 

2,400 

-f2 

70 

94 

74 

Xeg 

Xeg 

Streptococ- 
cus menin- 
gitis, spinal 
fluid sugar 
quicLly 
dropped to 
zero, death 
m 25 days 

C 

1 

GO 

Cloudy 

-r3 

700 

-f2 

GO 

100 

28 

Xeg 

Xeg 

Tuberculous 

meningitis 


M 

tl 

Clear 

-1-2 

3SS 

-1-1 

53 

90 

01 

Xeg 

Xeg 

Xeg 

Tuberculous 

meningitis 




Cloudy 

-r3 

1,042 

-1-2 

34 

110 

30 

Xeg 





Cloudy 

+ 1 

983 

-1-1 

22 

100 

22 

Xeg 

Xeg 





Cloudy 

-1-1 

1,480 

-fl 

0 

lOS 

0 

Xeg 

Xeg 

Death 

occurred 


P 

8 

Cloudy 

-f4 

1,124 

-*-2 

01 

no 

58 

Xeg 

Xeg 

Streptoeoc 
cus menin 













gitis 




Cloudy 

-f2 

743 

-t-2 

30 

100 

SO 

Xeg 

Xeg 





Cloudy 

-1-2 

074 

-f2 

0 

90 

0 

Xeg 

Xeg 

Died 


M 

IS jno 

Cloudy 

+Z 

2,400 

-^2 

0 

120 

0 

Xeg 

Xeg 

Tuberculous 
meningitis 
neutrophils, 
05 per cent 




Cloudy 

-rS 

1,100 

Trace 

40 

120 

33 

Xeg 

Xeg 

Xeutrophils, 
40 per cent 

C 

P 

30 

Cloudy 

-1-2 

1,300 

-r2 

30 

100 

30 

Xeg 

Xeg 

Tuberculous 

meningitis 

\v 

r 

23 

Yellou 

-1-4 

1,011 

-r2 

110 

144 

SO 

Xeg 

Pos 

Streptoeoc 




and 







on af 

cus septi 




cloudv 








fected 

ccmia and 












side 

meningitis, 

thrombosis 













of the left 
eayernous 
sinus 



17 

Clear 

-1-2 

230 

Trace 

82 

100 

82 

Xeg 

X'eg 

Bilateral 












otitismedia, 
mastoiditis, 
lobar pneu 
monia, pleu 
risy yvith 
effusion, 
acute ne 















phritis, men 
ingitis (?), 
no organ 
isms recoy 
ered from 
fluid 




Clear 

Decreased 02 

Treee 

90 

120 

75 

Xeg 

Xeg 





Clear 

Decreased 20 

Xeg 

84 

100 

79 

Xeg 

Pos 





Slightly Decreased 22 

Trace 

S4 

110 

70 

Xeg 

Pos 





cloudy 











Clear 

Decreased 12 

Trace 

90 

no 

SI 

Xeg 

Xeg 

Mentally 












clear 




Clear 

X 

10 

^lg 

82 

105 

78 

Xeg 

Xeg 





Clear 

X 

n 

Xeg 

90 

125 

70 

Xeg 

Xeg 

Complete 
recovery 
after tyyo 
months 


P 

SO 

Cloudy 

-J-1 

844 

-3 

10 

90 

11 

Xeg 

Xeg 

Tuberculous 

meningitis 

u 

iM 

22 

Cloudy 

-1-2 

500 

—2 

0 

no 

0 

Xeg 

Xeg 

Tuberculous 

meningitic 


Ratio of spinal fluid sugar to Iflood sugar 


Table 5 — Meningitis — Continued 





Appear 

Pres 






Was 

Quecken 





ance of 

sure of 



Spinal 



ser 





Cerebro 

Cerebro 



Fluid Blood Ratio, 

mann 

stedt 




Age, 

spinal 

spinal 


Glob 

Sugar, Sugar, 

, per 

Reac 

Reac 


Rice 

Se'c 

Years 

Rluid 

riuid 

Cells 

ulm 

Mg 

Mg 

Cent* 

tion 

tion 

Comment 

W 


42 

Clear 

+1 

6S 

Trace 

6S 

112 

60 

Neg 

Keg 

Tuberculous 

meningitis 




Clear 


00 

Trace 

66 

100 

66 

Keg 

Keg 

Pott’s 

disease 




Slightly 

cloudy 

+1 

74 

Trace 

60 

114 

52 

Keg 

Keg 





Cloudy 

+2 

6S 

+1 

52 

110 

47 

Keg 

Keg 





Cloudi 

+1 

114 

+1 

42 

90 

46 

Keg 

Keg 





Cloudj 

+1 

lOS 

+1 

45 

lOS 

41 

Keg 

Keg 





Cloudy 

Slight 

increase 

2TS 

+1 

30 

100 

30 

Keg 

Keg 





Cloudy 

+1 

5S0 

+1 

25 

114 

22 

Keg 

Keg 





Cloudy 

+1 

464 

+2 

22 

106 

20 

Keg 

Keg 





Cloudy 

+1 

320 

+1 

15 

100 

15 

Keg 

Keg 





Cloudy 

+1 

420 

+2 

0 

04 

0 

Keg 

Keg 





Cloudy 

+1 

540 

+2 

0 

90 

0 

Keg 

Keg 

Died 

C 

R 

30 

Cloudy 

- 1-4 

430 

+2 

30 

114 

26 

Keg 

Keg 

Tuberculous 

meningitis 




Cloudj 

+2 

3S0 

+1 

15 

100 

45 

Keg 

Keg 





Cloudj 

+2 

244 

+1 

15 

S5 

17 

Keg 

Keg 





Cloudy 

+2 

412 

+1 

0 

no 

0 

Keg 

Keg 





Cloudy 

+2 

390 

+1 

0 

106 

0 

Keg 

Keg 

Died 


Average (12 cases) 




36 

105 

34 





Ratio of spinal fluid sugar to blood sugar 


Thirty-nine readings weie made on twelve patients with meningitis 
(table 5) The average amount of sugar m the spinal fluid for the 
group as a whole was 36 mg and the average amount of sugar in the 
blood was 105 mg , giving a ratio of 34 per cent Of this group, 
eight patients had tuberculous meningitis, and the average quantity of 
sugar in the spinal fluid in these eight patients was 27 mg , which 
represented a latio of 26 per cent The remaining four cases are some- 
hat misleading, as some of them were not followed long enough to 
determine the effect of prolonged infection The average amount of 
sugar in the spinal fluid in these four cases was 74 mg , which was 68 
per cent of the average amount of sugar in the blood The tendency 
of the sugar in the spinal fluid to decrease in tuberculous and purulent 
meningitis as shown in table 5 corresponds to the observations of other 
investigators 

The observations in multiple sclerosis and combined sclerosis are 
of no diagnostic significance (table 6 and 7) 

Five patients with diabetes mellitus showed the effect of a high 
content of sugar in the blood on the sugar in the spinal fluid However, 
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the lelationship of the sugar in the blood and the sugar in the spinal 
fluid remains within normal limits (table 8) 

The sugar in the spinal fluid of ten patients ^\lth neiwous and mental 
disorders showed a slightly higher aveiage than in man} of the groups 
(table 9) , being 88 mg and representing a ratio of 79 per cent 


T \BLE 6 — Mulliple Sclciosis 





Appear 

Fres 






Was 

QuccXen 





ance of 

sure of 



Spinal 



ser 





Cerebro 

Cerebro 



riuid Blood Ratio, mann 

stedt 




Aee. 

spinal 

spinal 


Glob 

Sugar, Sugar, per 

Rcac 

Reac- 

Comment 

Race 

Scv Years 

Fluid 

Fluid 

Cells 

ulin 

3Ig 

31g 

Cent* 

tion 

tion 

W 

31 

30 

Clear 

X 

9 

Xeg 

SO 

120 

6G 

Xeg 

Xeg 


W 

P 

24 

Clear 

X 

S 

Xcg 

70 

no 

G3 

Xeg 

Xeg 


W 

F 

20 

Clear 

X 

5 

Xeg 

GS 

90 

75 

Xeg 

Xeg 


V 

31 

4G 

Clear 

X 

2 

Xeg 

95 

no 

SG 

Xeg 

Xcg 





Clear 

X 

3 

Xeg 

S5 

no 

77 

Xeg 

Xeg 





Clear 

X 

2 

Xeg 

SO 

100 

SO 

Xeg 

X'eg 

After mtra 













venous mjec 
tion of 













typhoid 
vaccine at 
intervals of 
four davs 
for four 
vreels 

W 

31 

23 

Clear 

X 

4 

Xeg 

SO 

103 

7G 

Xcg 

Xeg 


W 

r 

19 

Clear 

X 

5 

Xeg 

TS 

100 

7S 

Xeg 

Xeg 


.U oragc (6 cases) 




79 

lOG 

75 





Ratio of spinal fluid sugar 

to blood sugar 










Table 7 

— Combined Scleiosis 







Appear 

Pres 






3\ as 






ance of 

sure of 



Spinal 



ser- 

QueeLen 





Cerebro- 

Cerebro 



Fluid Blood Ratio, 

mann 

stedt 




Age, 

spinal 

spinal 


Glob 

Sugar, Sugar, per 

Reac 

Reac 


Race 

Sex Years 

Fluid 

Fluid 

Cells 

ulin 

3Ig 

3Ig 

Cent* 

tion 

tion 

Comment 

W 

31 

G9 

Clear 

X 

3 

Xeg 

70 

105 

66 

Keg 

Xeg 

Pernicious 

anemia 

W 

r 

34 

Clear 

X 

5 

Xeg 

72 

lOG 

G7 

Xeg 

Xeg 

Sprue 

W 

F 

35 

Clear 

X 

3 

Xeg 

90 

103 

83 

Xeg 

Xeg 

Pellagra 

W 

31 

52 

Clear 

X 

3 

Xeg 

SO 

no 

72 

Xeg 

Xeg 

Pellagra 

W 

31 

49 

Clear 

X 

6 

Xeg 

75 

100 

75 

Xeg 

Xeg 

pernicious 

anemia 

W 

F 

3S 

Clear 

X 

4 

Xeg 

70 

104 

66 

Xeg 

Xeg 

Pernicious 

anemia 

W 

31 

3G 

Clear 

X 

o 

Xeg 

80 

no 

72 

Xeg 

Xeg 

Pellagra 

Average (7 cases) 




77 

lOG 

72 





* Ratio of spinal fluid sugar to blood sugar 


Six patients with epilepsy also showed a tendency to high values, 
with an average of 88 mg of sugar in the spinal fluid and a ratio of 
79 per cent (table 10) 
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Increased intracianial piessure as a cause of high values £oi sugar 
in the spinal fluid is not supported by the data on thirteen patients with 
tumor of the brain The average amount of sugar m the spinal fluid 
vas 84 mg and the average amount m the blood was 111 mg The 


Table S — Diabetes Mclhtus 


Race 

Age, 
Sex Years 

Appear 
ance of 
Cerebro 
spinal 
Pluid 

Pres 
sure of 
Cerebro 
spinal 
Fluid 

Cells 

Glob 

ulm 

Spinal 

Fluid Blood Ratio, 
Sugar, Sugar, per 
5Ig Mg Cent* 

Was 
ser- 
, mann 
Eeac 
tion 

Queoken 

stedt 

Eeac 

tion 

Comment 

V 

P 

40 

Clear 

Y 

3 

5s eg 

275 

330 

83 

Reg 

Reg 

Before 

treatment 

C 

F 

54 

Clear 


1 

5s'eg 

240 

300 

SO 

Reg 

Reg 

Before 

treatment 




Clear 

A 

2 

Reg 

150 

200 

75 

Reg 

Reg 

Insulin and 
diet 




Clear 

5, 

1 

5seg 

120 

170 

70 

Reg 

Reg 


C 

r 

17 

Clear 

IS 

G 

5s eg 

240 

2S0 

85 

Reg 

Reg 

Before treat 
ment no 
complica 
tions 

W 

51 

40 

Clear 


3 

Reg 

SO 

IIS 

67 

Reg 

Reg 

Under con 
trol 

W AT 55 Clear 

Ai erage (5 cases) 

N 

4S 

+1 

So 

170 

130 

218 

65 

75 

+4 

Reg 

Paresis 

diabetes 

* 

Ratio of s 

pinal fluid sugar to blood sugar 










Table 9 — Neroous 

and Mental Gioup 



Race 

Age, 
Sex Years 

Appear 
ance of 
Cerebro 
spinal 
riuid 

Pres 
sure of 
Cerebro 
spinal 
Fluid 

Cells 

Glob 

ulin 

Spinal 

Pluid Blood Ratio, 
Sugar, Sugar, per 
Mg Mg Cent* 

Was 

ser 

mann 

Reac 

tion 

Quecken 

stedt 

Reac 

tion 

Comment 

W 

51 

25 

Clear 

R 

4 

5Jeg 

76 

lOS 

70 

Reg 

Reg 

Dementia 

praeco\ 

V 

r 

20 

Clear 

N 

3 

Xeg 

78 

102 

76 

Reg 

Reg 

Hjsteria 

V 

p 

23 

Clear 

5s 

2 

Reg 

85 

96 

88 

Reg 

Reg 

Hjsteria 


p 

27 

Clear 

N 

3 

R'eg 

82 

120 

68 

Reg 

Reg 

Hysteria 

W 

x51 

22 

Clear 

5s 

3 

Reg 

SO 

90 

88 

Reg 

Reg 

Dementia 

praecox 

V 

P 

22 

Clear 

5s' 

3 

Reg 

ss 

107 

82 

Reg 

Reg 

kloron 

V 

51 

15 

Clear 

N 

2 

Reg 

94 

114 

82 

Reg 

Reg 

Dementia 

praecox 

W 

51 

40 

Clear 

-~2 

4 

Trace 

100 

no 

90 

Reg 

Reg 

Paranoia 
with basal 
metabolism 
+17 per cent 

W 

P 

44 

Clear 


4 

Reg 

75 

104 

72 

Reg 

Reg 

Dementia 

praecox 

morphinism 


51 

19 

Clear 

X 

1 

Reg 

S6 

105 

SO 

Reg 

Reg 

Moron 

A\ erage (10 cases) 




S4 

106 

79 





* Entio of spinal fluid sugar to blood sugar 




Table 10 — Epilepsy 


Pace 

Age, 
Sex Tears 

Appear- 
ance of 
Cerebro 
spinal 
lluid 

Pres 
sure of 
Cerebro 
spinal 
lluid 

Cells 

Glob 

ulin 

Spinal 

Fluid Blood Ratio, 
Sugar, Sugar, per 
Mg Mg Cent* 

TT as- 
ser 

mnnn 

Reac 

tion 

Quecken 

Etedt 

Reac- 

tion 

Comment 

TV 


13 

Clear 

K 

360 

-1-3 

80 

102 

78 

Keg 

Keg 

Tucnt\ four 
hours after 
convulsion 




Clear 

T 

30 

Trace 

85 

100 

83 

Keg 

Xeg 

Xine da^s 
after con 
vulsion 

TV 

r 

IS 

Clear 

K 

0 

X'eg 

64 

102 

82 

Keg 

Keg 

Ko recent 
convulsion 

TV 

P 

10 

Clear 

X 

1 

Keg 

100 

no 

90 

X'eg 

Keg 

Puncture 
not made 
after recent 
com ulsion 

TV 

P 

24 

Clear 

X 

3 

Keg 

SS 

103 

S3 

Keg 

Xeg 

Ko recent 
com ulsion 

C 

F 

14 

Clear 

-f2 

5 

Xog 

100 

160 

62 

Keg 

Keg 

Puncture 

followed 

48 hours of 
continuous 
con^ ulsions 

TV M 34 Clear 

Average (0 eases) 

N 

1 

Xeg 

SO 

SS 

104 

112 

77 

70 

Keg 

Xeg 

Ko recent 
con\ ulsions 

# 

Ratio of s 

pinal fluid sugar to blood sugar 










Table 11 

— Tniitoi of the Bimn 




Race 

Ago, 
Sex Tears 

Appear 
mce of 
Cerebro 
spinal 
Fluid 

Pres 
sure of 
Cerebro 
spinal 
Fluid 

Cells 

Glob 

ulin 

Spinal 

Fluid Blood Ratio, 
Sugar, Sugar, per 
Mg Mg Cent* 

Was 

ser- 

mann 

Reac 

tion 

Quecken- 

stedt 

Reac- 

tion 

Comment 

TV 

M 

23 

Clear 

+3 

4 

Keg 

SO 

112 

76 

Keg 

Keg 

Right Iron 
tal tumor 

TT' 

r 

27 

Clear 

K 

S 

Keg 

75 

100 

75 

Keg 

Keg 

Suspected 

cerebellar 

tumor 

TV 

r 

37 

Clear 

+1 

47 

Trace 

90 

108 

83 

Keg 

Xeg 

Pltuitarj 

tumor 

TT' 

P 

60 

Clear 

N 

3 

Keg 

90 

130 

69 

Keg 

Keg 

Pituitary 

tumor 

TV 

M 

3 

Clear 

+2 

3 

Keg 

SO 

105 

76 

Keg 

Keg 

Cerebellar 

tumor 

TT 


54 

Clear 

-rl 

S 

Keg 

78 

113 

67 

Keg 

Xeg 

Right fron 
tal tumor 

TT' 

P 

44 

Clear 

N 

4 

Keg 

GS 

98 

69 

Keg 

Keg 

Right fron 
tal tumor 

TT 

31 

43 

Clear 

-i-4 

3 

Keg 

90 

100 

90 

Keg 

Keg 

Left parietal 

endothe 

lioma 

TT 

P 

13 

Clear 

X 

n 

o 

Keg 

90 

115 

77 

Keg 

Keg 

Left parietal 
tumor 

TT 

P 

45 

Clear 

+1 

2 

Keg 

73 

112 

65 

Keg 

Keg 

Tumor 

medulla 

\T 

31 

51 

Clear 

+1 

8 

Keg 

86 

100 

86 

Keg 

Keg 

Left frontal 
tumor 

TT 

31 

23 

Clear 

+3 

4 

Keg 

86 

112 

76 

Keg 

Keg 

Right fron 
tal tumor 

TT P 43 Clear 

Ai erage (13 cases) 

X' 

1 

Keg 

100 

84 

ISO 

111 

76 

76 

Keg 

Keg 

Glioma in 
left frontal 
lobe 


* Ratio of spinal fluid sugar to blood sugar 
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highest individual reading for sugar in the spinal fluid was 100 mg , 
but this was only 76 per cent of the amount of sugar in the blood 
(table 11) 

Nineteen patients presenting no neuiologic condition ga\e an a\er- 
age of 89 mg of sugar in the spinal fluid and a ratio of 76 per cent 
(table 12) 

T'^ble 12 — Cases Piesenting No Neiii ologic Condition 


Appear Pres Was 

ance of sure of Spinal ser Quccl.cn 

Cerebro Cerebro Fluid Blood Ratio, mann stedt 




Age, 

spinal 

spinal 


Glob 

Sugar, Sugar, per 

Reac 

Reac- 


Race 

Se\ 

Years 

Fluid 

Fluid 

Cells 

ulin 

31g 

3Ig 

Cent<‘ 

tion 

tion 

Comment 

W 

M 

GO 

Clear 

N 

1 

ISeg 

90 

120 

75 

Keg 

Keg 

H>perton 

Sion 

C 

M 

14 

Clear 

N 

5 

Keg 

90 

112 

so 

Keg 

Keg 

Appendical 

abscess 

0 

M 

3S 

Clear 

K 

1 

Keg 

85 

115 

73 

Keg 

Keg 

Rectal 

stricture 

W 

31 

37 

Clear 

N 

1 

3. eg 

SO 

95 

S3 

Keg 

Keg 

Pulmonar\ 

tuberculosis 

C 

P 

18 

Clear 

N 

6 

Keg 

120 

210 

57 

Keg 

Keg 

Influenzal 

pneumonia 

C 

r 

20 

Clear 

K 

11 

Trace 

90 

lOS 

S3 

Keg 

Keg 

31ild hjper 
thyroidism 

W 

31 

19 

Clear 

N 

3 

Keg 

105 

132 

79 

Keg 

Keg 

3falaria 
puncture not 
made after 
a chill 

c 

31 

50 

Clear 

N 

3 

Keg 

ss 

104 

84 

Keg 

Keg 

Essential 

hypertension 

c 

31 

48 

Clear 

N 

2 

Keg 

88 

100 

88 

Keg 

Keg 

Chronic 

arthritis 

c 

31 

38 

Clear 

K 

2 

Keg 

90 

118 

76 

Keg 

Keg 

Hjperten 

Sion 

T4 

31 

50 

Clear 

Y 

2 

Keg 

88 

112 

78 

Keg 

Keg 

Pellagra 

morphinism 

W 

31 

40 

Clear 

N 

2 

Keg 

85 

130 

65 

Keg 

Keg 

Splenic 

anemia 

C 

31 

41 

Clear 

K 

2 

Keg 

90 

101 

85 

Keg 

Keg 

3Ialaria and 

frontal 

headache 

V 

F 

49 

Clear 

3, 

9 

Keg 

7G 

115 

6G 

Keg 

Keg 

31y\edcma 

C 

31 

45 

Clear 

N 

2 

Keg 

SO 

104 

77 

Keg 

Keg 

Pulmonarj 

tuberculosis 

chronic 

alcoholism 

W 

31 

23 

Clear 

Y 

1 

Keg 

85 

no 

77 

Keg 

Keg 

Chronic 

tonsillitis, 

malaise 

headache 

W 

F 

38 

Clear 

K 

2 

Keg 

83 

100 

S3 

Keg 

Keg 

3Iyxedema 
with para 
noid back 
ground 

•n 

F 

23 

Clear 

3. 

4 

Keg 

SO 

100 

80 

Keg 

Keg 

Chronic 

endometritis 

w 

F 

21 

Clear 

J-l 

1 

Keg 

102 

120 

So 

Keg 

Keg 

Influenza, no 
evidence of 

Average (19 cases) 




89 

116 

76 



encephalitis 


* Ratio of spinal fluid sugar to blood sugar 


WAHL—SPINAL FLUID SUGAR 


•^61 


CONCLUSIONS 

1 The latio of the sugai- in the spinal fluid to the sugai in the blood 
in this senes of cases is highei than most of the ^alues pieMOush 
lecorded Similar results weie obtained by different methods ot 
titration 

2 A high leading for sugai in the spinal fluid is not m itself 
diagnostic of any given disease 

3 Table 6 shows the necessity of detei mining the amount of sugai 
in the blood simultaneously ivith the amount of sugai m the spinal 
fluid and making these readings after the patient has fasted for twehe 
hours 

4 In tubeiculous and puiulent meningitis, the sugai in the spinal 
fluid deci eases as the disease progresses 

5 Determination of the sugai m the spinal fluid aids m the differ- 
ential diagnosis of some neurologic conditions that may have similar 
clinical pictures, such as epidemic encephalitis and meningitis 



NATIVE COMPLEMENT IN HYPERTHYROIDISM 


N NOVICK 

^VASHI^GTOX, P C 

In this communication I shall attempt to answer the question as to 
whether or not native complement is increased in the blood serum in 
h} perthyroidism, and I shall discuss the relationship between the com- 
jilement value as determined by hemolytic titration and the basal 
metabolic rate as determined b}^ indirect calorimetiy 

This study vas suggested by the lecent work of Hadjbpoulos and 
Bui bank ^ on the idle of complement in health and disease These 
imestigators demonstiated that complement vanes considerably fiom 
the noimal m the course of acute infections, and that this variation is 
of prognostic value They found complement increased in hyperthy- 
roidism and decreased m hypothyroidism “Known pathologic con- 
ditions that give rise to high metabolism such as hyperthyi oidism were 
also iound by us to give a high complement titre while the reverse was 
found true m true hypothyroidism ” On the basis of this 

reseaich, Hadjopoulos and Burbank proposed a new theory concerning 
the origin and nature of complement They advanced the hypothesis 
that complement is a catabolic product elaborated in greater or less 
quantities during metabolic activity in a proportion required by the 
animal economy They assumed that complement is of protein nature 
or a pioduct of protein cleavage This theory, oiiginal in its concep- 
tion, IS no less speculative than the various theories pievalent during 
the past quarter of a century, which formed the basis of sharp contro- 
tersv between the German and Fiench schools of immunology 

^Metchnikoft ^ and his followers, principally supported by Gengou, 
vere firmly convinced that complement (addiment) belongs to the 
category of C}tases or soluble ferments and is an intracellular or fixed 
substance of the leukocytes (phagocytes) On the basis of their 
researches, Metchnikofif stated that complement is not free in the cir- 
culating blood, but that its presence in the serum of mammalian blood 
m Mtro IS due unquestionably to grave injury or destruction of the 
leukoc3les pioduced during the Avithdrawal and subsequent clotting of 
the blood He, therefore, denied the presence of free complement in 
the circulating blood 

' Submitted for publication, Dec 16, 1930 

■' From the Laboratories of the Diagnostic Center, U S Veterans Hospital, 
Washington, D C 

1 Hadiopoulos, L G , and Burbank, R J Lab &: Clin Med 14 131 (Nov) 

1928 

2 Metchnikoff, Eh Natural Immunity in Infective Disease, translated by 
Francis G Binni, London, Cambridge University Press, 1905 
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Buchner,^ thcoielicall} agieeing that alexm is of leukoqtic oiigin 
and in the nature of a ferment, held that complement is a leukocytic 
secretion This contention bungs up the possibility that complement is 
free in the ciiculating blood 

Ehilich ^ maintained, contiaiy to Metchmkoft’s contention, that com- 
plement IS fiee in the ciiculating blood and not dependent on leukoc}tic 
destruction foi its presence in the seium, also that several complements, 
or what is spoken of as multiplicity of complement, exist 

Guid’ expressed the belief that complement does not exist in the 
blood as such but m the foim of a complementogen, and that it is acti- 
vated by some substance in the leukocytes 

Zmssei ^ conceded the fact that injuiy to the cells may be a factoi 
111 the production of complement, but he stated the belief that comple- 
ment IS free m the ciiculating blood He said “Consideiing the veiy 
piobable pai ticipation of alexine in opsonic functions, this (injection 
of bacteria into a living animal and finding a very lapid and active 
phagocytosis) would seem to point veiy strongly towaids the piesence 
of this substance in the circulating blood ” 

Kolmer expressed the opinion that complement i esides in the 
globulin fi action of the seium protein oi peihaps is carried along ^Mth 
the foimer, and that it is probably enzymic m nature 

Hyde® has recently, by ingenious experiments on the frog, thiown 
some doubt on the contention that complement is mtialeukocytic and 
bound He inoculated copiously washed sheep cells intrapeiicardially 
into the frog, and foi several houis made micioscopic observations of 
the integiity and movement of these cells Dtiiing this period they 
were intact and uninjured When rabbit sensitizer (amboceptoi) was 
subsequently injected into the frog, the sheep cells weie hemolyzed and 
could not be seen in the ciiculation Hyde thought that this was an 
in VIVO experiment conceding the possibility of leukocytic injuiy duimg 
the process of inti apencardial injection 

Hyde ® has also shown by his work on the plasma of a hemophiliac 
that the complementary property of this plasma is as potent as that of 
the serum obtained aftei letarded clotting, and that its potency is com- 
parable to that of normally clotted blood serum He expiessed the 

3 Buchner, quoted by Metchiukoff (footnote 2, p 189) 

4 Ehrlich, P, quoted by Metchnikoff (footnote 2, p 297) 

5 Gurd, quoted by H 3 de, Roscoe R (reference 8) 

6 Zinsser, Hans Infection and Resistance, ed 3, New York, The Macmil- 
lan Company, 1923 

7 Kolmer, John F Serum Diagnosis H Complement Fixation, Philadelphia, 
Lea & Febiger, 1928 

8 Hyde, Roscoe R The Complementing Properties of Blood Plasma Am 
J H}g 8 859 (Nor ) 1928 

9 Hrde, Roscoe R The Complement Deficient Guinea-Pig Am T Hr"- 
7,619, 1927 



464 


ARCHIVES OF INFERNAL MEDICINE 


belief that this plasma is as nearlj'^ natural as is obtainable and quite 
different from artificial plasma 

D’Herelle^® took an extreme view legardmg the entity of comple- 
ment, a view perhaps not altogether fantastic Complement itself “is 
an artificial principle, a product of the laboratoiy” 

The foregoing biief review cites the fundamental controversial 
points regarding the mysteiious oiigm and nature of complement In 
this study It was not my object to solve the problem of the origin of 
complement, lather it was hoped that the determination of an increase 
ot complement in the blood seium in hyperthyroidism would be of 
practical diagnostic impoitance and would supplement the evidence 
obtained thiough the basal metabolic late 

It was necessary to assemble a gioup of normal controls in whom 
enlaigement of the thjuoid gland was not suspected and m whom the 

Table 1 — Gtouping of Cases Selected foi Studv 


Aormal controls SO 

Xormal controls (basal metabolic rate \Mthm normal limits) 30 

Hjperthjroidism (unclassified) 31 

Miscellaneous pathologic conditions 30 

The latter group is made up as follows 

Diabetes mellitus (uncomplicated mild tjpe) 10 

Pulmonary tuberculosis 8 

Xeurosjphilis 7 

Xephntis (chemical analjsis of the blood nonprotein nitrogen GO, urea nitrogen 35, 
uric acid 7 2 mg ) 1 

Secondary anemia (red cells, 2 400 000 , hemoglobin 22%) 1 

Mjelogenous leuLemia (ivhite cells 175,000 and 179,000) 1 

Acute arthritis and diabetes (blood sugar, 200 mg, carbon diOMde, 22% by aolume) 1 

Huntington s chorea 1 

Total cases i 171 

Total determinations (titrations) 262 


basal metabolic rate was within noimal limits It was equally neces- 
sai} to study the variation in the titer of the hemolytic complement of 
normal subjects during consecutive daily periods Additional controls 
on pathologic and well defined diseases wei e included 

In table 1 is shown the giouping of cases selected foi this study It 
includes a group of cases of miscellaneous diseases, citing laboratory 
observations that appeared pertinent to the study One case of myelo- 
genous leukemia is included in which the white blood cell counts at 
the time complement was determined aie given 

The so-called aveiage normal titer of complement in human seium 
IS not a fixed quantity that would hold good and be lehable for com- 
parative studies in the hands of every investigator It depends primarily 
on the stiength of the sheep cell suspension, used as the hemolytic 
indicator, and on the period of incubation It also depends on the 
method of cairying out the titration, whether it is direct oi whether 
diluted serum is used The terminology for expressing the titer also 

10 d’Herelle, F Immunit}’' m Natural Infectious Diseases, English ed by 
George H Smith, Baltimore, Williams & Wilkins Company, 1924 
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vanes That complement is vaiiable in the serum of difteient animal 
species IS well known, not only is it \ariahle m dift'eient species of 
animals, but it vanes in difteient animals of the same species The 
cause of the vai lability of complement is not knoiMi It is commonly 
assumed that diet pla}s a considerable idle in the potenc) of, for 
instance, guinea-pig complement 

Regarding the ^arlatlon of complement in human seium, m 700 
specimens of blood from hospital patients, Hyde ^ found the average 
titer to be about 30 units In only 1 per cent of his cases was the 
complement titer as high as 80 units, wdiile in 2 per cent of the cases 
complement w'as not demonstrable Hadjopoulos and Bui bank’- stated 
that in 2,000 cases studied by them, the aveiage noimal titei was found 
to be 004 cc of active serum My study confirms the obseivations of 
Hyde in that extiemely high and extremely low^ titers foi the comple- 
ment of human seium were mfiequent 

METHOD 

An antisheep rabbit heinol>tic serum was used, and since human complement 
was the quantitative factor sought, the amboceptor was adjusted against a pooled 
human serum (from five normal persons), an arbitrary 10 per cent dilution being 
used The unit of the amboceptor thus determined w'as doubled and used as a 
constant in subsequent test titrations During the progress of this work, approxi- 
mately seven months, the amboceptor w'as kept in the icebox at about 8 C and 
w as occasionally checked The sheep cell suspension used w as 2 5 per cent, freshly 
prepared, washed and sensitized for ten minutes at the same icebox temperature 
The serum tested for complement w'as carefully pipetted wnth a certified pipet into 
a series of tubes in graded amounts, beginning with 0 005 cc and increasing to 
0 05 cc or a low'er dilution w'as used if required Physiologic solution of sodium 
chloride w'as added to each tube, bringing the volume to 0 6 cc This was fol- 
low'ed by incubation in a water bath at 37 5 C for five minutes Subsequently 0 4 
cc of a sensitized sheep cell mixture, consisting of equal ^olumes of the 2 5 per 
cent sheep cell suspension and 2 units of amboceptor, was added, and a final 
incubation for fifteen minutes in a w ater bath at 37 5 C w’as allow'ed The entire 
^ olume 111 each tube w^as 1 cc , and the final strength of the sheep cell suspension, 
0 5 per cent The results were read immediately after the period of incubation, and 
the tube containing the least amount of serum showing complete hemolysis w'as 
recorded as the titer of that serum The tube showung almost complete hemolysis 
W’as recorded as 3-|- The absorption of natue amboceptor, while desirable, w’as 
not resorted to, since for comparatne studies, this factor did not appear to be of 
great significance The serums, wnth the exception of a few’ controls, w’ere 
obtained at 2 30 p m , kept at room temperature for one and a half hours, the 
clot being allowed to retract, and subsequently placed in the icebox until the next 
afternoon When the serums were tested they were approximately twenty-four 
hours old, during w’liich period they had been kept m contact w’lth the clot 


RESULTS 

The accompaming chaits are graphic reproductions of the comple- 
ment titer as recorded immediately after the fifteen minutes of incuba- 
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tion in the watei bath at 37 5 C A glance at the charts sho^^ s that 
there is a geneial topograplnc similaiity in the cuives It is seen that 
the predominating complement titer in e\eiy gionp of cases is 0 02 cc 
of active serum, that the next most frequent titer is 0 01 cc or twice 
as high, and that a high titei of 0 005 cc is extiemely infiequent both 
in the general control gioup and in the control group in which the basal 
metabolic rate was normal A low complement titer, such as 0 06 cc , 

01 one three times as weak, is also infiequent 

In translating the charts into figures, it is noted that in the general 
noimal contiol gioup of eighty cases, the range of 0 02 and neaily 
0 02 cc of active seium titer is furnished by forty-three cases, or 53 
per cent , twenty-seven cases, oi 33 per cent, fall into the range of 0 01 
and neaily 0 01 cc of active seium titer A high titer of 0 005 cc is 
given in four cases, or 5 per cent, and a veiy low titer in two cases, or 

2 5 per cent An approximately similar percentage of distiibution of 
complement titer is seen in the normal control group in i\hich the basal 
metabolic rate was iiithin normal limits, namely, eighteen cases, or 60 
per cent, furnished a titer of 0 02, and eleven cases, or 36 per cent, 
furnished a complement titer of 0 01 and nearly 0 01 cc of active serum 
No high titer was found in this group 

Comparing the titer of the controls with that of the group of thiity- 
one cases with hypei thyroidism it is found that sixteen cases, oi 52 per 
cent, showed a titer of 0 02 cc , and that m ten cases, or 32 per cent, the 
complement titer was 0 01 cc of active seium Three cases of this 
group, or about 10 per cent, showed a high complement titei of 0 005, 
uhile two cases of the same gioup, or 6 pei cent, furnished a titer of 
0 03 cc 

It IS thus seen that the incidence of variation in titei of the gioup 
with h 3 ^pei thyroidism is strikingly similar to that of the normal con- 
tiol gioup The incidence of a high complement titer associated with 
the typical basal metabolic rate is found in three cases, or about 10 per 
cent, as against four cases, or 5 per cent, in the control group It 
should be noted that in two of the three cases in the group with hyper- 
thyroidism showing a high titei , the basal metabolic rate was also high 
(fiom -f-41 to -{-42) However, m the face of the evidence presented. 
It would seem possible that the simultaneous high complement titer with 
a high basal metabolic rate in the two cases noted might be considered 
a meie coincidence 

Reference to chart 2 (centei figuie), based on thirty cases of mis- 
cellaneous pathologic conditions, shows that fourteen cases, or 46 per 
cent, showed a complement titer of 0 01 and that a similar number fur- 
nished a titer of 0 02 cc of active serum Two cases of this group 
showed a high titer of 0005, the highest titer recorded It should be 
explained that the frequency of higher titer in this group is accounted 
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for by the group of diabetic patients included in it This obseivation 
(higher titer in diabetes) is perhaps \\orthy of further investigation 
While it is fairly evident that, as a constant obseivation, an unusually 
high complement titer or a deviation in titer from the so-called average 
normal is not demonstiahle m the serum of persons with hypeithy- 
1 oidism, either as compared with normal controls oi with patients having 
miscellaneous pathologic conditions, it was deemed essential, for con- 
clusive eiidence, to study the postoperative complement titer in hyper- 
thyroidism and to compare it with the titei obtained in the same persons 
before th} roidectomy 

In table 2 are shown the preopeiative and postopei ative basal meta- 
bolic rates and the complement titer in nineteen cases Analysis is 
possible in only eleven cases in which both the hemolytic titer and the 

Table 2 — Complement Titei and Basal Metabolic Rate Befoie and Aftei 

Thyi oxdectomy 


Preoperatuc 



Basal 

Complement 


Aletabolic 

Titer 

Cise 

Rate Plus 

Cc 

2 

18 

0 02<- 

31 

41 

0 OOj- 

3o 

07 

0 03 

4 

CO 


109 

38 

0 02 

79 

63 

0 02 

93 



33 

57 


101 

11 


62 

42 

0 OOo'- 

0 

47 


73 

14 

0 02 

201 

19 

0 02 

167 

18 

0 01* 

lo*) 

15 

0 02 

192 

46 

0 01* 

233 

34 

0 01* 

243 

45 

0 02 

189 

34 



Postoperath e 

Basal 

Complement 

— 

Blood Collected 

Metabolic 

Titer, 

After Operation 

Rate 

Cc 

Days 

+12 

0 01 

35 

+47 

0 02 

28 

— 7 

0 01 

35 

—10 

0 01 * 

50 

— 5 

0 02 

14 

— 5 

0 02 

14 

+ 5 

0 02 

21 

— 5 

0 02 

21 

+ 3 

0 02 

21 

+10 

0 01 * 


0 

0 Ol*' 

21 

+ 2 

0 02 

14 

T 1 

0 01 * 

14 

+ 7 

0 005* 

7 

—10 

0 02 * 

14 

+ 1 

0 01 * 

9 


0 01 

4 


0 01 

7 


Nearly complete hemolysis 

liasal metabolic rate aie available In the last column of the table, the 
period of postoperative collection of specimens is noted in seventeen 
cases Two possible analyses are indicated 1 The comparison of the 
postoperative titer of all the cases in this group except one with the 
larger group of cases of hvpeithyioidism, the complement titer of which 
has already been compared with that of the normal controls This 
analysis shoiis that approximately 50 per cent of the cases fall in the 
lange of 0 02 cc active serum — a percentage incidence not dissimilar 
either to the group with hyperthyroidism as a whole or to the general 
normal group 2 The comparison of the preoperative and postoperative 
titer with relation to the basal metabolic rate This analysis is possible 
in only eleven cases, from v Inch it is seen that while in all the cases the 
basal metabolic rate has returned to normal following thyroidectomy, 




NO?ICK~-NA'II?E COMPLEMENT IN HYPERTHYROIDISM 


no change in complement titei is noted in six cases, oi appi oximatelv 
55 per cent, while a higliei titer is noted in foui cases, or 36 pei cent 
A single exception is noted m case 31, in which the complement titei 
diopped fiom neaily 0 005 to 0 02 The basal metabolic late m this 
case did not letuin to normal (this patient sufteied from a bilateial 
goitei ) No significance is noted in regaid to the period of collection of 
the sample, langmg from four to fifty da>s after thyi oidectomy 

From the data piesented in table 2 it becomes incieasmgly difficult 
to associate the complement value in the blood seium m lijqDei thyroidisni 
with the basal metabolic late 


SUMMARY 

This study was undei taken to asceitain the possibility of using the 
native complement value in the seiuni of patients with hypei thyi oidisni 
as a supplemental y test m the diagnosis of Itypeith) roidism It nas 
hoped that the adoption of such a laboratory procedure would lest on 
the detei mination of an mciease in the complement titei of peisons with 
hypei thyi oidism and on its i elation to the basal metabolic late In all, 
110 contiols weie used, m 30 of whom the basal metabolic late was 
noimal, and m 80 of whom the basal metabolic late was not suspected 
to have been abnoimal 

CONCLUSIONS 

The complement titei m noimal contiols, m the detei mination of 
Mhich an antisheep labbit hemoljdic seium. a 2 5 pei cent sensitized 
sheep cell suspension and incubation in the water bath at 37 5 C foi 
fifteen minutes weie employed, was found to be 0 02 cc of active seium 
in about 50 per cent of the cases A titei of 0 01 is next in frequency 
in about 35 per cent of the cases A high complement titer as well as 
a reiy low titer is mfiequent 

No inciease of complement value oi significant deviation fiom the 
average noimal range was found m a group of thirt>-one unclassified 
cases of hypei thyi oidism A high titer (0005) was found m thiee 
cases 01 10 per cent, in two of which the basal metabolic rate was also 
high, which appeals to be a meie coincidence 

The postoperative and pieopeiative complement value in the serum 
of patients with hyperthyi oidism when compai ed with the postopei ative 
and pieopeiative basal metabolic rates does not suggest any significant 
lelationship No change in titei was noted in 55 per cent of the cases, 
uhile a highei complement value was obtained in 36 per cent of the 
cases folloMing th} i oidectomy 



THE RESPIRATORY QUOTIENT 

ITS USE IX THE DIAGXOSIS OF DIABETES MELLITUS " 

MAX WISHNOFSKY, MD 

AKD 

CHARLES S BYRON, MD 

EROOKI \ N 

This aiticle is best prefaced by the following excel pt from Joslin’s 
book, “Treatment of Diabetes A'lellitus ” ^ 

It IS convenient to classify patients with glycosuria or with a history of 
ghcosuria into four groups true diabetics, potential diabetics, renal glycosuncs, 
and unclassified diabetics Under true diabetics are placed patients whose blood 
sugar on an unrestricted diet is 0 14 per cent or more fasting, or 0 17 per cent or 
more after a meal with simultaneous glycosuria which is plainly related to diet 
Potential diabetics are those with gljcosuna closely related to the diet who easily 
become sugar-free with slight restrictions, but whose blood sugar is below 0 14 
per cent fasting and never reaches 0 17 per cent after a meal Renal glycosuncs 
are indniduals who have shown a constant glycosuria, irrespective of diet, for 
jears, are symptomless, and have a blood sugar which is invariably normal 
Unclassified” diabetics bj my nomenclature include the remaining cases of gly- 
cosuria, especially those associated with organic disease for example, that of 
the gall-bladder, kidney, occasionally of the thyroid, cancer of the pancreas and 
otten pregnancy 

In diabetes melbtus there is a disturbance in tbe metabolism of 
pioteins and fats, as well as in that of carbohydiates, but from the 
standpoint of diagnosis it is sufficient to consider the metabolism of 
caibohydrates This may be studied fiom the following standpoints 
(1) the determination of the presence of glycosuria, (2) changes in 
the concentration of sugar in the blood, and (3) changes in the respira- 
tor} quotient These points will be considered m the foregoing older 
The first two will be studied cuisorily and only m their relation to 
the mam subject 

Diabetes mellitus means the passing through of sugar or glycosuria 
It has been shown by John^ and by otheis that the renal threshold 
for dextiose varies from 0 045 to 0 348 per cent of the sugar in the 

Submitted for publication, Dec 16, 1930 

From tbe Departments of Metabolism and Pathology, and the Diabetic 
Clinic of the Jewish Hospital 

1 Joshn, E P The Treatment of Diabetes Mellitus, ed 4, Philadelphia, 
Lea &. Febiger, 1928, p 99 

2 John H T Differential Diagnosis of Diabetes by Means of Glucose 
Tolerance, J A kl A 79 1234 (Oct 7) 1922 
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blood It IS evident that a peison vitli a low lenal thieshold may ha^e 
marke4 gl}C0suria, this occuis m the cases of so-called lenal ghco- 
suiia 01 diabetes mnocens It has also been convincing!} shown b} 
John= that, because the gl}COSuiia is slight and tiansient, the piesencc 
of diabetes may lemain uniecognized foi a long time in peisons wnth 
a high renal thieshold and a model ately seveie diabetes Glycosiiiia 
ma} also occm when hypeighcemia is piodnced b} conditions othei 
than diabetes melhtus, such as nephiitis, hypeithyioidism and h}pci- 
tension Fiom the scientific standpoint the presence or absence of 
glycosuiia is unimportant in the diagnosis of diabetes mellitus The 
teim ‘Miabetes mellitus” is a misnomer and does not adequately desciibe 
the condition that is knowm by that name The disease ma} moie 
pioperly be teimed hypo-msulmism It paiallels such terms as hypo- 
thyioidism and hypopituitaiism 

An elevated fasting level foi sugar m the blood indicates, in the 
\ast majoiit} of instances, the presence of diabetes mellitus Howeier, 
a high content of sugai m the blood may occui m other conditions, 
such as h}peithyioidism, nephiitis and hypertension Furtheimoie, 
as a lesult of lestiiction in carbohydiates m the diet of patients with 
diabetes mellitus, the sugai in the blood mav be noimal wdien the patient 
is fasting 

Valuable infoimation ma} be obtained by studying the blood sugai 
cuiie aftei the ingestion of dextiose, this is the dextiose toleiance 
test A noimal blood sugar cuive may be consideied as one that (1) 
has a fasting level of from 0 7 to 11 Gm per htei, (2) leaches its 
peak in one hour after the ingestion of dextiose (nsuall} it leaches the 
peak eaihei and laiely goes highei than 17 Gin) and (3) tends to 
leach Its fasting level within two houis occasionally in thiee In any 
case in which the cuive is highei than normal, the possible piesence 
of diabetes mellitus must be consideied It has been definitely estab- 
lished that a high blood sugar cuive ma} occur in the follownng condi- 
tions hypei tension, nephritis, pregnancy, hypei th} roidism, hepatic 
disease and aithritis As pievioiisly stated, Joshn desciibed these as 
cases of "unclassified” diabetes It appeals to us that they may be 
more coirectly called cases of unclassified hyperglycemia or glycosuria 
This entile subject was clearly review^ed by Older “ 

In a senes of 160 cases who underwent fflucose tolerance tests, glycosuria w'as 
absent wnth 103 and 57 showed onlv small amounts Of the 103 cases ivithout 
glvcosuna, 37 ga\e normal glycemic reactions, 53 defmitelv abnormal, and 12 
doubtful reactions or in other w^ords, 60 per cent of the cases without glycosuria 
gaie abnormal sugar tolerance reactions An anahsis of the cases m this group 
shows that a very large percentage of the abnormal reactions w'ere found m the 

3 Older, W R, quoted bi Joshn (footnote 1, p 212) 
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lollowmg pathological conditions (arranged m the order of frequency) gall- 
bladder disease, cirrhosis of the liver, bronchial asthma, arteriosclerosis, car- 
cinoma, obesity, endocrine disturbance, chronic nephritis, chronic arthritis 

Of the 57 cases m which glycosuria was found, 9 gave perfectly normal reac- 
tions These 9 fulfil all the requirements of so-called renal glycosuria The 
remaining 48, or 84 per cent, showed definitely normal reactions, despite the fact 
that m every instance the fasting blood sugar was perfectly normal 

Theie exists, then, a group of cases, in which the foregoing method 
ot piocedure, namel), the use of the dextrose tolerance test, is inade- 
quate in the deteimination of the absence oi presence of diabetes 
inelhtus 

THE CLASSiriCATION OF ‘'^UNDETERMINED''’ CASES 

We come now to the consideration of the respiratoiy quotient 
and Its use in classifying these “undetei mined” cases 

The lespnatoiy quotient of noimal persons twelve hours after a 
meal was detei mined by Benedict, Emmes, Roth and Smith ^ and 
■was found to be 0 83 for men and 0 81 foi women As a rule it is 
lowei in persons with diabetes, the more severe the diabetes, the lower 
IS the respiratory quotient The respnatoiy quotient during fasting 
IS lower in normal persons if they have been deprived of carbohydrate 
for seieial days Conversely it was shown by Benedict, Emmes and 
Riche ° that after an evening meal rich m carbohydrate, the respiratory 
quotient on the following day may be 0 88 It is seldom, however, 
that such great changes are encountered in the diet as were employed 
b} these experimenteis with their subjects It has been shown by 
Beinstem and Falta ® and others that the respiratory quotient after 
the admmistiation of dextrose will not rise until an optimum percentage 
of gl) cogen in the liver is obtained It is only after the glycogen 
depots hare been filled that the oxidation of dextiose will commence 
Consequently, in a person who has been on a diet poor in carbohydrate 
fui several dajs, there will be a delay in tne ri'^c of the respiratory 
quotient, whereas when the body is surfeited with glycogen there will 
be an earl) use, rrhich to some extent must be attributed to the con- 
reision of carbohjdiate to fat Gigon ^ found that in a normal person 
the respiratory quotient never rises before one-half hour after the 

4 Benedict F G , Emmes, L E , Roth, P , and Smith, H M The Basal, 
Gaseous Metabolism of Normal Men and Women, J Biol Chem 18 139, 1914 

5 Benedict, F G , Emmes, L E , and Riche, J A The Influence of the 
Preceding Diet on the Respirator}’’ Quotient After Active Digestion Has Ceased, 
Am J Physiol 27 383, 1911 

6 Bernstein, S , and Falta W Respiratorischer Stoffwechsel und Blut- 
zuckeregulation Deutsches Arch f klin Med 125 233, 1918 

7 Gigon, quoted b} Bornstein and Holm (footnote 8) 
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administiation of dextiose Indeed, Bornstein and Holm ® found that 
the lespnatoiy quotient ma}^ actually fall during the fiist fifteen minutcb 
and suggesed that this may be due to the letention of caibon dioxide in 
the body foi the purpose of combining with alkali released by the 
secietion of acid in the gastiic juice 

In diabetes inellitus there is a deficiency in gl} cogenesis and in 
the storage of glycogen The question whethei theie is also a diminu- 
tion 111 the ability to oxidize dextiose is still in a polemic state Macleod ^ 
stated “The occurience of these low quotients and their failuie to 
lespond to ingestion of glucose aie often cited as evidence that the 

tissues 111 diabetes have lost the power to oxidize caibohjdiates but 

theie IS no diiect evidence that this is leally so'’ Joslm expiessed 
the belief that the peison with diabetes can bum sugai if the sugar 
can fiist be tiansformed into gl} cogen But since a fundamental 
feature of diabetes inellitus is the inability to foim gl} cogen, then 
indirectly theie is a diminution in the oxidation of dextiose This 
may be accepted as inconti overtible In diabetes inellitus the lespiratoiy 
quotient duiing fasting is lowei than the noimal quotient, and the 

lespiiatory quotient cuive fails to use to a noimal level after the 

ingestion of dextiose A low lespiiatoiy quotient cuive indicates a 
deficiency of insulin or the neutialization or inactivation of an adequate 
supply of insulin The conveise is tiue, namely, that a noimal 
lespiratoiy quotient cuive indicates an adequate supply of insulin 

The question to be considered now is What constitutes a noimal 
lespiiatoiy quotient cune^ It is to be deploied that so little woik 
has been done to put this subject on a film basis It is fallacious to 
take as a standaid the amount of dextrose oxidized in a ceitain peiiod, 
even if calculated per squaie meter of surface aiea, foi the leason 
that the amount of active tissue m the body cannot be detei mined 
The important featuie is this When suddenly flooded with dextiose, 
the noimal body will oxidize it in piefeience to fat The figuie detei - 
mined for the respiratoiy quotient duiing fasting is unimportant The 

8 Bornstein, A , and Holm, K Ueber den respiratonschen Stoffwechsel bei 
ahmentarer GhTamie, Biochem Ztschr 130 209, 1922 

9 Macleod, I J R Physiologj”^ and Biochemistry in Modern iMedicme, ed 
6, St Louis, C V Mosby Company, 1930, p 912 

10 Joslin, E P (footnote 1, p 103) 

11 This does not include phlorizin diabetes in ^\hlch the respirator} quotient 
rises only slightly after the administration of dextrose This is the result, not 
of the inability of the organism to oxidize dextrose, but of the rapid elimination 
of dextrose by the kidney It is concenable that in renal glycosuria if the threshold 
IS markedly low and the excretion of dextrose extremeh high, the respirator} 
quotient might fail to rise to the normal le\el after the administration of dextrose 
To our knowledge no such case has been reported 
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important point is What is the latio of the amount of fat to the 
amount of caiboh 3 'diate oxidized tAVO oi thiee hours after the ingestion 
of dextiose^ Rabmowitch stated that a use of 0 12 m the respiratoiy 
quotient may be consideied noimal This is the aveiage for a group 
of cases, but cannot be applied to an individual case If the respiratory 
quotient during fasting is 0 71, a use to 0 83 cannot be consideied 
normal It goes without saying that during fasting a use in the 
lespirator) quotient from 0 84 to 0 90 cannot be called abnormal From 
oui own obseivations and from those of Sanger and Hun and Born- 
stem and Holm,® we have come to the conclusion that the respiiatory 
quotient must rise to 0 88 within two and one-half hours in order to be 
considered normal 

It was pieviously stated that if a high blood sugai curve is piesent, 
the presence of diabetes melhtus must be suspected This dilemma 

Table 1 — Cuivcs of Respu otoi y Quotient m Noimal Conti oh (Sangei and Hun) 



Respiratory 

Quotient 

SO 

Minutes'* 

60 

Minutes 

DO 

Minutes 

120 

Minutes 

150 

Minutes 

Range 

C L 

0 78 

0 82 

0 80 

0 89 

0 87 

0 94 

016 

H D 

0 83 

0 81 

0 80 

0 88 

083 

0 90 

0 09 

U tj G 

0 75 

0 84 

088 

0 88 

0 84 

0 90 

015 

E H 

0 77 

0 80 

0 80 

0 90 

0 92 

0 90 

0 15 

B S 

0 78 

0 80 

0 84 

0 86 

OSS 

0 86 

010 

M C 

0 79 

0 82 

0 88 

0 89 

0 92 

0 93 

014 

M C 

0 83 

0 83 

0 86 

0 83 

0 92 

0 90 

0 09 

H J 

0 83 

0 83 

0 84 

0 88 

0 93 

0 89 

010 

R Me 

0 83 

0 88 

0 84 

088 

0 93 

0 92 

010 

H E Q 

0 73 

0 79 

0 81 

0 86 

0 83 

0 87 

012 


Aierage 0 80 012 


* 1 75 Gm of dextrose per kilogram of body rvelght 


occurs paiticulaily in cases of hyperthyi oidism, hypertension and other 
conditions ah eady mentioned It was shown by Sangei and Hun 
that the respu atoiy quotient cuive is normal m hyperthyi oidism Simi- 
lai obseivations have been made by us in hypertension and by Linder, 
Hiller and Van Slyke in nephritis If diabetes melhtus complicates 
these conditiohs, it will make itself evident by a low respiratory quotient 
cuive 


12 Rabmowitch, I M Simultaneous Respiratory Exchange and Blood Sugar 
Tune Curxes Obtained in Diabetic and Non-Diabetic Individuals Following Inges- 
tion of Glucose, J Clin Investigation 2 143, 1925 

13 Sanger, B J , and Hun, E G The Glucose Mobilization Rate in Hyper- 
thyroidism, Arch Int Med 30 397 (Sept ) 1922 

14 Sanger and Hun, as well as we, employed 1 75 Gm of dextrose per kilo- 
gram of body weight Bornstein and Holm gave 100 Gm per patient 

15 Wishnofsky, M , and B 3 Ton, C S Carbohydrate Metabolism in Hyper- 
tension, Arch Int Med 47 790 (May) 1931 

16 Linder, G C , Hiller, A and Van Slj^ke, D D Carbohydrate Metab- 
olism in Nephritis, J Clin Investigation 1 247, 1925 



WISHNOhSKY-BYRON—RESPIRA / ORY QUOllENP 


475 


REPORT or CASES 

We shall present four cases (two of hyi^erth} roidism and two of 
hypertension) in which the respiratory quotient curve w'as the sole 
factor determining the nature of the disturbance in the metabolism 
of carbohydrates 

The essential features of the first two cases (hyperthyroidism) are 
as follow's 

Cash 1 — J A , a housewife, aged 49, had experienced tremors, palpitation, 
weakness, choking sensations, nervousness and profuse perspiration for the past 
two or three years Her weight during tliis period was reduced from 175 to 170 
pounds (794 to 771 Kg), a loss of 5 pounds (2 3 Kg) 

There was a freely movable nodule as large as a walnut in the isthmus of 
the thyroid gland The blood pressure was markedly labile (230 systolic and 110 
diastolic on Sept 19, 1929, and 110 systolic and 80 diastolic on March 19, 1930) 
During the interval the systolic blood pressure was usually 170 or ISO The urine, 

Tablf 2 — Cuivcs foi Blood Sugai and Rcspiratoiy Quotient in- Txvo 

Cases of Hvpeithyioidism 


Case 1 (J A ) Case 2 (B B ) 

C , , A 



Blood 

Respiratorj 

Blood 

Respiratory 


Sugar 

Quotient 

Sugar 

Quotient 

Easting lord 

15fi» 

0 7C3 

113 

0 73 

45 minutest 

75 minutes 

273 

0 850 

282 

0 75 

120 minutes 

135 minutes 

272 

OSSl 

277 

0 83 


* SlilliRrains in 100 cubic centimeters of blood 
f I 75 Gm of de\trose per kilogram of body weight 

examined on Aug 22, 1928, Sept 21, 1929, and March 21, 1930, was negative for 
sugar The patient was on an unrestricted diet The basal metabolic rate was 
plus 36 per cent on March 21, 1930 

Casl 2 — R B , a housew ife, aged 40, had experienced headache, dizziness, 
insomnia, palpitation and loss of weight (50 pounds [22 7 Kg]) during the past 
two jears She stated that glycosuria was discovered one >ear previously 

Phvsical examination showed diffuse enlargement of the thyroid gland , pulse 
rate, 124, blood pressure, 140 s}Stolic and 70 diastolic, basal metabolism, plus 65 
per cent The blood sugar on May 6, 1929, was 0 166, and on Oct 4, 1929, 0 157 
per cent 

A simultaneous stud> of the blood sugar curve and the respiratorj curr^e was 
made Each patient after fasting fourteen hours received 175 Gm of dextrose 
per kilogram of faodj weight Three specimens of venous blood w'ere taken from 
each patient one at the “fasting le^el,’' and two at intervals of fort.v-five minutes 
and two hours after ingestion, respectnelx The sugar content of the blood was 
determined b\ the Folin-lVu method The respiratory quotient w'as determined 
at the fasting le^el, and at inter\als of one and one-quarter and two and one- 
quarter hours after ingestion, respectneh These intervals were chosen after 
careful consideration as best describing the nature of the cur\e The gas was 
collected in a Tissot spirometer and anahzcd by the method of Henderson and 
Haldane The results are incorporated m table 2 
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It will be noted that both cases showed “diabetic” blood sugar curves 
which weie practically identical except that in case 2 the fasting level 
was only 115 Previous examinations, however, gave values above 
150 Case 2 gave a histoiy of glycosuria, whereas at no time was sugar 
found in the urine in case 1 It was postulated by one of us (M W ^‘) 
that the blood sugar curve is the best index of the severity of diabetes 
melhtus If both patients were diabetic the cases were of equal severity 
The presence oi absence of glycosuria is simply incidental to the renal 
threshold 

Since both patients suffered fiom hyperthyroidism, and as it has 
been abundantly shown that a high blood sugar curve occurs in a 
majority of such cases it remained for the respiratory quotient curve 
to decide the nature of the disturbance in the metabolism of carbo- 
hydiates It will be observed that in case 2 there was a low respiratory 


Table 3 — Citives for Blood Snga) and RespDatoty Quotient m Tzvo 
Cases of Hypeithyi oidism 



Case3_(T S) 

Case 4 (J W) 


Blood 

Respiratory 

Blood 

Respiratorj 


Sugar 

Quotient 

Sugar 

Quotient 

Fasting level 

133* 

0 753 

111 

0 795 

43 minutest 

205 


214 


75 minutes 


0 856 


0 925 

120 minutes 

187 


172 


135 minutes 


0 848 


0 9C3 


* Milligrams m 100 cubic centimeters ol blood 
t 1 75 Gm of dextrose per kilogram of body weight 


quotient curve, wheieas in case 1 the curve was normal This study 
gave scientific proof that in case 2 the disturbance in the metabolism 
of carbohydrates was diabetic and that in case 1, nondiabetic 

A similar study was performed in two cases of hypertension Prac- 
tically all cases of hypertension show a high blood sugai curve, but 
the respiratory quotient curve is normal^® They aie therefore cases 
neither of potential nor of mild diabetes Any case of mild diabetes 
among them can be detei mined only by a study of the respiratory 
quotient curve This is well illustrated by table 3 

The patients in cases 3 and 4 were women, past 40, who had been 
suffering from hypertension (systolic blood pressure above 170 mm 
of mercury) for several years At no time had dextrose been detected 
in the urine It will be observ^ed that both had high blood sugar cuives 
Whereas the respiratory quotient curve in case 4 was above normal, 

17 Wishnofskv, M The Use of the Dextrose Tolerance Test in the Deter- 
mination of the Severity of Diabetes Melhtus, Arch Int Med 42 443 (Sept) 
1928 
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tliat 311 case 3 was below normal The disturbance in the metabolism 
of carbohydrate, shown m case 4, may therefore be considered to be 
nondiabetic, case 3, however, may be considered to be a potential or 
mild diabetes 

It IS evident that the ultimate criterion in the determination of 
the presence of diabetes mellitus is the stud} of the respiiator} quotient 
curve 

SUMMARY AND CONCLUSIONS 

The disturbance in the metabolism of carbohydrates may be con- 
sidered from thiee standpoints the determination of the presence of 
glycosuria, changes in the concentration of sugar in the blood and 
changes in the respiiatory quotient 

The renal threshold for dextrose varies from 45 to 348 mg per 
hundred cubic centimeters of blood Glycosuria occurs in persons 
with a low lenal threshold who are not diabetic A diabetic person 
with a high threshold may have transient glycosuria or none 

A high level of sugar in the blood during fasting, and especially 
a high blood sugar curve after the ingestion of dextrose, may occur in 
conditions olhei than diabetes, such as hypertension, nephritis and 
hyperthyroidism 

From the scientific standpoint, the piesence of glycosuria and hyper- 
glycemia IS inadequate for the diagnosis of diabetes mellitus 

A lespirator} quotient curve that rises to 0 88 after the ingestion 
of an adequate amount of dextrose is indicative of a normal secretion 
of insulin, a low respiratory quotient cuive, with certain exceptions, 
indicates a diminution in the secretion of insulin, or a neutralization 
01 inactivation of an adequate supply 

In a study of both the blood sugar and the respiratory quotient 
curves after the ingestion of dextrose in two cases of hyperthyroidism 
and two of hypertension, it was demonstrated that the ultimate criterion 
in the diagnosis of diabetes mellitus is the respiratory quotient curve. 



THE SIGNIFICANCE OF THE POTASSIUM-CALCIUM 
RATIO AND OF THE INORGANIC PHOSPHORUS 

AND CHOLESTEROL OF THE BLOOD SERUM 
IN ARTERIAL HYPERTENSION 

ALFRED A WEINSTEIN, AB 

AND 

SOMA WEISS, MD 

BOSTON 

The most significant abnormal feature of arterial hypertension, in 
the light of present knowledge, is the increased peripheral arteriolar 
resistance Weiss and Ellis, ^ m 1930, attempted to measure the peri- 
pheral resistance quantitatively, and found that the average resistance 
of the arteriolar system of the gi eater circulation in a group of patients 
with hypertension was twice as great as m the normal control subjects 
The factois, however, that are responsible for this increase in arteriolar 
resistance were not established 

The work of a number of investigators, such as Bilhgheimer,- Kraus 
and Zondek,® Zondek,^ Kylin ® and Spiro,® indicated that the increased 
peripheral constriction of the vascular system is due to a disturbance of 
the vegetative nervous system This altered function of the autonomic 
nervous system, according to these investigators, is accompanied by a 
change in the equilibrium of the blood through two powerful physiologic 

Submitted for publication, Dec 20, 1930 

From the Thorndike Memorial Laboratory, the Second and Fourth Medical 
Services (Harvard) of the Boston City Hospital, and the Department of Medicine 
of the Harrard University Medical School 

* This investigation was aided by a grant from the Ella Sachs Plotz Founda- 
tion given in honor of Francis W Peabody 

1 Weiss, S , and Ellis, L B The Quantitative Aspects and Dynamics of 
the Circulatory Mechanism in Arterial Hypertension, Am Heart J 5 448, 1930 

2 Bilhgheimer, E Der Calciumspiegel im Blute und seine Beeinflussung 
durch verschiedene Gifte, Klin Wchnschr 1 256, 1922 

3 Kraus, F , and Zondek, S G Ueber die Durchtrankungsspannung, Klin 
Wchnschr 1 1773, 1922 

4 Zondek, S G Die Bedeutung des Antagonismus von Kalium und Calcium 
fur die Physiologic und Pathologic, Khn Wchnschr 2 382, 1923 

5 Kjlin, E Der Gehalt des Blutes an Calzium und Kahum, Acta med 
Scandinav , 1927, supp 19, p 1 

6 Spiro, P Klinische Untersuchungen uber das Calcium-Kalium-Gleichge- 
wicht im Organismus, Ztschr f khn Med 110 58, 1929 
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agents, potassium and calcium, with an increase in potassium, a decrease 
in calcium, and thus an increase in the potassium-calcium ratio Other 
investigators, however, including Westphal," expressed the belief that 
changes in the osmotic relationships and permeability of the capillary 
bed and tissues, due to an increase in serum cholesterol, are responsible 
for elevated blood pressure 

nXPCUIMENTAL AND CLINICAL OBSLRVATIONS ON THE POTASSIUM- 
CALCIUM RATIO AND ITS RELATION TO THE AUTONOMIC 
NERVOUS SYSTEAI AND THE ARTERIAL BLOOD PRESSURE 

The theory that a change in the potassium content of the blood and the 
tissue fluids may influence the height of the blood pressure is supported 
by experimental observation Mathison ® showed that potassium salts 
injected intra-arterially produce a rise in blood pressure He also 
studied the effect of calcium in antagonizing the action of potassium on 
the blood pressure of spinal animals, and found that when equimolar 
quantities of potassium chloride and calcium chloride were injected intra- 
arterially, the blood pressure rose only slightly He concluded that an 
increase in calcium tends to dimmish the blood pressure, but that its 
action is not as pronounced as that of potassium in increasing the 
pressure Harrison, Pilcher and Wilson ” observed no change m the 
cardiac output of dogs following the intravenous injection of potassium 
salts into the circulation Chian and Frolich claimed that tlie excita- 
bility of the sympathetic nervous system is markedly increased by dimin- 
ishing the calcium content of the blood Reid “ suggested the hypo- 
thesis that a reduction of the calcium in the body lemoves or weakens 
the inhibitory influence of the vagus, and thus results in hypertension 

That there is an interdependence between stimulation of the auto- 
nomic nervous system and changes m the potassium-calcium equilibrium 
of the blood has been shown by several investigators Kraus and Zon- 
dek showed that stimulation of the vagus increased the potassium in 

7 Westphal, K Untersuchungen zur Frage der Entstehungsbedingungen 
des genuinen arteriellen Hochdruckes, Ztschr f klin Med 101 559 and 584, 1925 

8 Mathison, G C The Effects of Potassium Salts upon the Circulation and 
Their Action on Plain iMuscle, J Plwsiol 42 471, 1911 

9 Harrison, T R , Pilcher, C , and Wilson, C P The Effects of Calcium, 
Rarium and Potassium on the Cardiac Output of Normal Dogs, J Pharmacol & 
E\per Therap 32 55, 1928 

10 Chian, R, and Frolich, A Zur Frage der Nervenerregbarkeit bei der 
Oxalatvergiftung, Arch f exper Path u Pharmakol 66 110, 1911 

11 Reid, W D Arterial Hypertension, Boston Ilf & S J 192 883, 1925 

12 Kraus F , and Zondek S G Zur Lehre vom Aktionsstrom, Deutsche 
med Wchnschr 47 T 513, 1921 
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the tissues, giving rise to a local acidosis The reverse holds true on 
stimulation of the sympathetic nerves Wollheim and Benatt and 
Handel, working on hydrogen-hydroxyl equilibrium, contended that 
a preponderance of calcium increased the removal of the hydroxl ion 
Wollheim^® and Berg, Hess and Sherman observed that the cutting 
of the splanchnic nerve resulted in a fall m serum calcium, and that 
the cutting of the vagi resulted in a rise in calcium Further recent 
work indicates not only that the sympathetic-parasympathetic bal- 
ance determines the calcium-potassium ratio and thus the tissue reaction, 
but also that a change m this ratio may reverse the functional effect of 
nervous impulse on the innervated organ Thus Kraus and Zondek 
demonstrated that if the calcium level is high, stimulation of the vagus 
augments rather than inhibits the action of the heart Other investiga- 
tors have shown that the action of the sympathetic nerves on the heart 
(Kohn and Pick’^®) and on the uterus (Turolt can be reversed 
Finally, evidence is available (Konschegg,^® Loewi,-^ Zondek,^^ Dressel 
and Jacobvitz,-® Zondek and Reiter,-^ Baratb,-® Zondek and Ucko,-‘‘ 

13 Wollheim, E Vegetatives Nervensystem und Elektrolytverteilung, Bio- 
chem Ztschr 151 416, 1924 

14 Benatt, A , and Handel, M Kahum- und Calcium Wirkung auf die 
Harnaciditat, Klin Wchnschr 3 1621, 1924 

15 Berg, B N , Hess, A F, and Sherman, E Changes m the Percentage 
of Calcium and Phosphorus of the Blood Following Section of the Sympathetic 
and Vagus Nerves, J Exper Med 47 105, 1928 

16 Kraus, F Ueber die Wirkung des Kalziums auf den Kreislauf, Deutsche 
med Wchnschr 46 201, 1920 

17 Zondek, S G Ueber die Bedeutung der Calcium- und Kalium-Ionen bei 
Giftwirkungen am Herzen, Arch f exper Path u Pharmakol 87 342, 1920 

18 Kohn, R , and Pick, E P Ueber Aenderung der Adrenalinwirkung nach 
Erregung der vagalen Endapparate, Arch f d ges Physiol 184 79, 1920 

19 Turolt, M Umkehr der Adrenalinwirkung auf den uberlebenden Uterus, 
Arch f Gvnak 115 600, 1922 

20 Konschegg, A Ueber Beziehungen zwischen Herzmittel- und physiolo- 
gischer Kationenwirkung, Arch f exper Path u Pharmakol 71 251, 1913 

21 Loewi, O Ueber den Zusammenhang zwischen Digitalis- und Kalzium- 
wirkung, Arch f exper Path u Pharmakol 82 131, 1917 

22 Zondek, S G Arch f exper Path u Pharmakol 88 158, 1920, foot- 
note 17 

23 Dressel, K , and Jacobovitz, M Untersuchungen uber die theoretischen 
Grundlagen und die Indikationen der Calciumtherapie, Klin Wchnschr 1 721, 
1922 

24 Zondek, H , and Reiter, T Ueber das Wesen der Hormonwirkung, Ztschr 
f klin Med 99 139, 1924 

25 Barath, E Kalziumwirkung und Blutzucker, Med Klin 2 1372, 1924 

26 Zondek, H , and Ucko, H Die Zweiphasenwirkung der Hormone, Klin 
Wchnschr 4 6, 1925 
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K\lin and En^elr* Zondek, Kylm,-" Zondek and Bernliardt,"*’ 
K}Iin that the eflect of many drugs and hormones can be increased 
or ie\ersed through changes m the local potassium-calcium equihljnum 
Since experimental observations suggest that changes in s}mpa- 
thetic-paras} mpathetic and potassium-calcium balance can be detected 
b} then effect on the action of hormone, Kylm ° investigated the rela- 
tion between the reaction to epinephinie and the potassium-calcium latio 
He obseived that m piactically all cases with a potassium-calcium latio 
of from 1 7 to 2 15, which is within his normal lange, theie weie normal 
leactions to epinephrine The blood piessure curve of patients with 
essential hypertension having a quotient over 2 15 was consistently vago- 
tonic, that is, the patients exhibited a diop m blood pressme after an 
injection of epmephiine Dressel and Jacobovitz corroborated this 
woik In Older to reestablish the potassium-calcium ratio and through 
It the noimal sympathetic-parasympathetic balance, Kylin,^- in 1924, 
treated patients with essential hypertension with calcium-atropme and 
observed a drop in the blood pressure and a change in the reaction to 
epinephrine fiom vagotonic to syinpatheticotomc Following these 
observations, series of analyses were made by different investigators on 
normal persons and patients with hypertension oi other cardiovascular 
diseases, to determine the significance of these inorganic elements in the 
blood stream Kyhn,^ Brems and Loewenstein found a definite 
use in potassium content from the normal level in cases of essential 

h}pertension, while the calcium values were either at or below the 

• 

27 Kyhn, E , and Engel, A Ueber die Einwirkung der K-Ionen auf den 
Blut7uckerspiegel, Kbn Wcbnschr 4 653, 1925 

28 Zondek. S G Die Identitat von Nerv-Ionen und Giftwirkung, Klin 
Wcbnschr 4 809, 1925 

29 Kyhn, E Von der Bedeutung der K-Ionen fur die Insuhnwirkung, Khn 
Wchnschr 4 1455, 1925 

30 Zondek, H , and Bernhardt, H Ueber die Beemflussbarkeit der Hypo- 
phi senlunterlappenextrakte, Ztschr f khn Med 101 312, 1925 

31 Kyhn, E Ueber den Emfluss der Ca- und K- lonen auf die Insuhn- 
wirkung, kled Khn 21 1262, 1925, Ueber die Bedeutung der Elektrobten fur 
die Hormonwnrkung, ibid , p 1580 , footnote 5 

Kjdin, E Ueber den Blutkalkspicgel bei der essentiellen Hypertonic, 
Zentralbl f mn Med 45 471, 1924 

33 Brems, A Ueber den Kahum- und Calcium-Gehalt des Blutserums unter 
normalen und unter gewissen pathologischen Veriialtnissen, Acta med Scandinav 
66 473, 1927 

34 Loewenstein W Cheniische Blutbefunde bei der essentiellen Hypertension 
und ihre Bewxrtung Ztschr f khn Med 107 52 1928 
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normal lower limits In a series of cases, Kisch observed a marked 
increase in potassium in patients with decompensated cardiac failure 
and an approximately normal amount in patients with compensated 
cardiac disease, regardless of the etiology and the level of the blood 
pressure Spiro,® from a study of fifty-seven cases of vascular dis- 
order, found that in patients with compensated circulation the potassium 
level was roughly within normal limits, both in the blood serum and in 
the corpuscles, although it tended toward the upper normal limits In 
patients with circulatory and renal failure, there was a distinct rise in 
the potassium of the corpuscles which paralleled the rise m serum potas- 
sium Since the flow of potassium from the corpuscles to the serum 
was less in persons with hypertension than in normal persons, Spiro 
concluded that the corpuscles acted as reservoirs, withdrawing and 
immobilizing the potassium as its level rose in the serum Moreover, 
he observed that the calcium level had a tendency to be low 

Jansen found a definite hypocalcemia in cardiac failure due to 
syphilis, nephrosclerosis and arterial hypertension In patients with 
arterial hypertension, with or without renal involvement but without 
cardiac failure, the calcium values were at the lower level of the normal 
range Anderson,®^ however, in sixteen cases of hypertension, observed 
normal calcium values as did Brems in sixteen cases Brems, more- 
over, found no connection between the potassium-calcium ratio and the 
reaction to epinephrine Stieglitz investigated forty-seven cases of 
pregnancy, with arterial hypertension as a secondary complication 
Forty cases, which included those of nonpregnant and pregnant women 
without hypertension, were observed as controls *He found that the 
average calcium value in his pregnant patients coincided with that in 
his controls, and therefore he concluded that hypocalcemia is not a 
factor in the hypertension of pregnancy 

Although the experimental and clinical observations do not reveal 
any undisputed relationships between the calcium content of the blood 
serum and arteiial hypertension, nevertheless it is claimed that the ele- 

35 Kisch, F Der Kahum- und Calcium-Gehalt des Gesamtblutes Kreislauf- 
kranker und das Verhalten desselben unter dem Einfluss korperlicher Arbeit 
Klin Wchnschr 5 1555, 1926 

36 Jansen, W H Der Kalkgehalt des menschbchen Blutes unter patholo- 
gischen Berhaltnissen, Deutsches Arch f klin Med 144 14, 1924 

37 Anderson, W T Meddelende fra Tursens medisiniske Lyseinmstitut, 
Hospitalstid 68 1177, 1925 

38 Stieglitz, E J Hypertension in Pregnancy, Arch Int Med 39 465 
(April) 1927 
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vation of blood calcium results m a fall of the blood pressure in arterial 
hypertension Addison^*’ claimed that the daily ingestion of from 4 
to 12 Gm of calcium chloride for four weeks resulted in a drop in the 
blood pressure In 1930, Secher-*® stated that the intramuscular injec- 
tion of parathyroid extract caused a simultaneous rise in the blood 
calcium and a drop m the blood pressure He claimed that hypertension 
IS due to an insufficient functioning of the parathyroid gland, and 
asserted that specimens of parathyroid obtained at autopsy from 
patients who had had hypertension show characteristic atrophy of the 
hormone-producing cells 

EXPERIMENTAL AND CLINICAL OBSERVATIONS ON THE CHOLESTEROL 
LEVEL AND ITS RELATION TO ARTERIAL BLOOD PRESSURE 

Westphal,'^ on feeding rabbits on a high cholesterol diet, obseived 
that their blood piessure rose with an increase in the serum cholesterol 
This increase in the blood pressure, he maintained, was independent of 
a disturbance of vasomotor function or internal secretion, and was 
due to the sensitizing effect of cholesterol on the muscle walls of the 
vessels He expressed the belief that the sensitized muscular elements 
of the vessels then responded with increased contraction to substances 
in the blood serum The experimental observations of Westphal have 
been supported also by the obseivations of Schmidtmann and Fahr^- 
Schonheimer and Shapiro,"*^ however, found no relationship between 
the cholesterol level of the blood and high blood pressure Further- 
more, experiments involving injection of cholesterol into the blood 
stream have given contradictory results Thomas, in 1926, observed a 
rise in the blood pressure m four rabbits after injections of cholesterol 

39 Addison, W L T The Use of Calcium Chloride 111 Arterial Hyperten- 
sion, Canad At A J 14 1059, 1924 

40 Secher, K Eine Untersuchung uber die Ursachen der Hypertonic, Acta 
med Scandinav 73 309, 1930 

41 Schmidtmann, M Experimentelle Studien zur Pathogenese der Arterio- 
sklerose, Virchows Arch f path Anat 237 1, 1922 

42 Fahr, T Beitrage zur experimentellen Atherosklerose unter besonderer 
Berucksichtigung der Frage nach dem Zusammenhang zwischen Nebenierenver- 
anderungen und Atherosclerose, Verhandl d deutsch path Gesellsch 12 125, 1922 

43 Schonheimer, R Ueber die experimentelle Cholesterinkrankheit der Kan- 
mchen, Virchows Arch f path Anat 249 1, 1924 

44 Shapiro, S Studies in Atherosclerosis The Relation of Glands of Inter- 
nal Secretion to Its Development, M J & Rec 126 284, 1927 

45 Thomas, E Recherches experimentales touchant I’lnfluence de la choles- 
terine sur le developpement de I’hypertension arterielle. Arch d mal du coeur 
19 641, 1926 
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Tholldte was unable to verify the experimental observations of West- 
phal ‘ and Schmidtmann 

Westphall/ investigating a series of eighty cases of essential hyper- 
tension, found that the cholesterol level was above the normal range 
in 71 per cent of the cases Weil and Guillaumm found high 
cholesterol values in the plasma of patients with hypertension 
Askanazy^® observed a hypercholesteremia m most of his cases of 
hypertension Thus, on the basis of observations on man and experi- 
ments on animals, Westphal and others considered that cholesterol is 
one factor in the genesis of essential hypertension 

Howevei , Mjassnikow claimed that hypercholesteremia was present 
in less than 50 per cent of his cases m Avhich atherosclerosis was onl}- 
weakly developed Loewenstem reported only one case of hypei- 
cholesteremia among fifty cases of hypertension investigated Harris 
and Lipkin ““ also found normal cholesterol values in ten of eleven 
patients with hypertension Moreover, intramuscular injections of 
cholesterol that raised the cholesterol level of the serum markedly m 
four cases of hypertension were unassociated with any changes in blood 
pressure 

THE PROBLEM 

With the elimination of the two supposed constrictor substances 
in the cn dilating blood, guanidine and amino-acids, as etiologic agents 
in the development of the increased peripheral resistance in arterial 
hj^pertension, the claims of the proponents of the potassium, calcium 
and cholesterol hypotheses have gained significance A definite con- 
fiimation of these hypotheses by direct observations would also offer 
a rational therapeutic approach to arterial hypertension Since the 
observations quoted by previous investigators in this field are open to 
dispute, both because of the faulH and inaccurate methods used and 
because of insufficient information concerning the clinical condition of 
the patients, this investigation Avas undertaken to determine whether 
or not changes can be demonstrated in the level of the potassium, calcium 

46 Tholldte, M Hypercholestennamie, Blutdruck und Gefassveranderungen 
im Tierversuch, Beitr z path Anat u z allg Path 77 61, 1927 

47 Weil, M P , and Guillaumm, C O Hyperglycerrue, h 3 fperchoIestennemie 
augmentation des composes unques globulaires et hypertension arterielle variable, 
son origine renale, Ann de med 19 415, 1926 

48 Askanazy Hj'pertome und Hypercholestennamie, Munchen med Wchn- 
schr 74 1793, 1927 

49 kljassnikow, G L Khmsche Beobachtungen uber Cholestermamie bei 
Arteriosklerose, Ztschr f klm Med 102 65, 1926 

50 Harris, I , and Lipkin, I J High Blood Pressure and Cholesterin, Brit 
M J 1 587, 1930 
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and cholesterol of the blood when tested by the reliable methods avail- 
able and when the patients are selected after a detailed investigation 
of the clinical state Moreover, Since the calcium level of the blood 
varies inversely with the inorganic phosphate level, all other things 
being equal (Binger,®^ Salvesen and Linder,®- Peters and Eiserson ®®), an 
increase m the average inorganic phosphate level would corioborate 
any evidence of a decrease m the average calcium level Hence, the 
better to control the observations on calcium indirectly, determinations 
of the inorganic phosphate level were also performed Finally, if 
changes actually take place in the potassium-calcium ratio in arterial 
hypertension, it would be significant to ascertain whether such a change 
is associated with an alteration in the cholesterol level 

METHODS 

The chemical methods used have been devised recently and, with 
the exception of the cholesterol method, gave satisfactory results 
throughout the course of the investigations 

Potassium was determined by the method developed by Taylor 
Duplicate analyses by this method gave results which agreed within 2 
per cent One minor change was adopted in this procedure It was 
found that a gel of anhydrous tungstic acid formed when the standard 
solutions were evaporated to diyness To obviate this difficulty, the 
standard solutions were evaporated only to 2 cc Satisfactory precipi- 
tation of potassium was then obtained by the addition of 2 cc of 
sodium cobaltinitrite and 2 cc of 95 per cent alcohol 

The method for the determination of calcium that was developed by 
Fiske and Logan®® offeied no difficulties At the suggestion of 
Taylor,®® the following changes were made in this piocedure for 
convenience and speed 1 The precipitation of the calcium was com- 
pleted in one and one-half hours instead of m twelve Results obtained 
by using this modification checked within 1 per cent of those obtained 

51 Binger, C Toxicity of Phosphates in Relation to Blood Calcium and 
Tetany, J Pharmacol & Exper Therap 10 105, 1917 

52 Salvesen, H A , and Linder, G C Observations on the Inorganic Bases 
and Phosphates in Relation to the Protein of Blood and Other Body Fluids in 
Bright’s Disease and in Heart Failure, J Biol Chem 58 617, 1923 

53 Peters, J P , and Eiserson, L The Influence of Protein and Inorganic 
Phosphorus on Serum Calcium, J Biol Chem 84 155, 1929 

54 Taylor, F H L The Determination of Potassium in Blood Serum, J 
Biol Chem 87.27, 1930 

55 Fiske, C H , and Logan, M A To be published, J Biol Chem 

56 Taylor, F H L Personal communications to the authors 
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from precipitations obtained ovei a period of twelve hours 2 The 
fifteen-thousandths normal hydrochloric acid was replaced by hun- 
dredth normal acid Two cubic centimeters of the hundredth normal 
acid was added to the ignited calcium oxide instead of 1 cc of the 
fifteen-thousandths normal acid, and titrated by hundredth normal 
sodium hydroxide 

The method of Fiske and Subbarrow was used for the determina- 
tion of inorganic phosphorus, and it was quite satisfactory The method 
for the saponification of cholesterol of Bloor, Pelkan and Allen was 
accurate within only from 7 to 10 per cent 

RESULTS 

Seventy-five cases of hypertension, twenty-four in males and fifty- 
one in females, between the ages of 19 and 75 years, were studied 
Twenty-nine of these cases exhibited clinical evidence of cardiac failure, 
SIX showed clinical evidence of renal involvement and three exhibited 
both cardiac and renal involvement so far as could be ascertained by 
clinical and laboratory studies Of tbe seventy-five cases, forty-five 
showed clinical evidence of ai tenosclerosis All patients were m the 
hospital for at least one week previous to the tests Blood samples 
were obtained in the postabsorptive state at 8 a m from the cubital 
vein and were analyzed immediately Measurements of the blood 
pressure were obtained with the patient in the horizontal position The 
systolic pressure ranged between 155 and 270 mm of mercury, the 
diastolic between 70 and 160 mm , the average systolic pressuie was 
189 mm , the average diastolic, 105 mm 

Table 1 presents the potassium, calcium, cholesterol and moiganic 
phosphorus content of the blood serum as well as the potassium-calcium 
and calcium-phosphorus ratios in seventy-five cases of hypei tension 
with and without secondary complications Table 2 presents the 
results of similar measurements in twenty-five control cases without 
hypertension The values presented in table 2 compare favorably with 
those reported recently by other authors using the same methods 

The calcium m the Fiske-Logan method was about 0 6 mg per 
hundred cubic centimeters of serum less than that reported by authors 
using the Kramer-Tisdall or Jansen methods, for three leasons 
1 The foimer methods involved the oxidation of the calcium 
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268 8 

3 86 

2 02 

2 59 

24 70 

910 

182 9 

510 

2 71 

178 

20 30 

9 92 

100 8 

4 06 

2 00 

1 94 

21 73 

9 40 

260 3 

4 21 

2 81 

2 23 

26 20 

9 38 

206 5 

4 32 

2 79 

217 

21 51 

10 72 

227 2 

4 00 

2 01 

2 68 

22 53 

9 61 

201 0 

4 20 

2 35 

2 09 

23 00 

10 06 

240 2 

4 20 

2 49 

190 

23 52 

10 20 

156 3 

3 20 

2 31 

318 

20 00 

9 67 

247 4 

3 60 

2 07 

2 69 

2015 

9 60 

134 6 

3 00 

210 

3 20 

19 60 

8 00 

208 3 

3 36 

2 45 

3 00 

22 86 

11 60 

223 2 

2 95 

1 97 

3 93 

2139 

9 54 

198 8 

4 00 

2 29 

2 38 

2105 

9 03 

181 1 

3 26 

2 33 

2 78 

22 22 

9 00 

211 9 

5 69 

2 32 

1 72 

18 09 

9 00 

183 8 

8 85 

1 93 

2 49 

18 27 

9 70 

219 3 

3 13 

1 88 

3 10 

23 53 

10 30 

250 0 

4 70 

2 29 

219 

24 24 

9 60 

223 2 

6 00 

2 51 

1 18 

23 39 

10 24 

2101 

2 68 

2 28 

3 82 ' 

2162 

10 80 

192 5 

3 98 

2 00 

2 71 

17 86 

1012 

238 0 

3 94 

177 

2 57 

22 86 

9 50 

231 5 

6 84 

2 41 

1 39 

20 83 

10 70 

347 2 

4 30 

195 

2 49 

20 00 

9 20 

187 9 

2 33 

217 

2 71 

2010 

9 20 

221 2 

3 56 

2 14 

2 64 

21 62 

9 40 

168 9 

3 02 

2 30 

2 39 

20 83 

10 69 

147 9 

4 08 

1 95 

2 29 

20 83 

10 17 

177 3 

4 02 

2 05 

2 53 

21 74 

10 19 

233 6 

4 10 

214 

2 48 

18 71 

1019 

191 7 

4 00 

184 

2 55 

19 40 

10 77 

238 0 

3 33 

1 70 

3 25 

19 31 

9 36 

1701 

3 32 

2 06 

2 74 

25 01 

9 56 

226 2 

3 81 

2 59 

2 54 

21 02 

9 67 

169 6 

2 94 

218 

3 29 

22 34 

8 97 

195 3 

2 74 

2 49 

3 27 

22 27 

917 

174 8 

3 38 

2 53 

2 71 

2.1 56 

11 23 

2518 

438 

210 

2 57 

24 09 

10 08 

155 3 

4 44 

2 39 

2 27 

19 31 

10 08 

168 3 

4 09 

192 

2 40 

20 42 

10 28 

2016 

4 44 

199 

2 31 

19 23 

8 65 

203 5 

3 57 

2 28 

2 42 

20 60 

8 78 

1561 

3 83 

2 35 

2 29 

22 99 

0 23 

208 3 

4 47 

2 49 

2 06 

17 39 

9 43 

2451 

4 37 

1 84 

2 16 

19 14 

9 43 

219 5 

4 76 

2 03 

1 98 

22 86 

9 21 

192 3 

5 63 

2 48 

1 64 

22 73 

9 97 

185 2 

4 21 

2 28 

2 37 

24 24 

9 97 

192 3 

4 68 

2 49 

2 13 

21 98 

9 43 

200 0 

3 90 

2 33 

2 42 

26 63 

911 

138 8 

4 21 

2 92 

2 16 

2174 

9 65 

183 5 

3 85 

2 25 

2 18 

23 12 

9G1 

225 2 

3 90 

2 41 

2 46 

22 86 

9 7s 

294 2 

4 20 

2 33 

2 33 

23 33 

9 83 

171 2 

3 72 

2 37 

2 64 

23 53 

10 53 

208 3 

4 13 

2 24 

2 55 

•21 85 

9 32 

174 2 

4 63 

2 35 

2 01 

23 26 

9 76 

226 2 

4 94 

2 38 

1 98 

23 93 

916 

227 3 

3 49 

2 63 

2 61 

22 99 

10 43 

148 8 

4 65 

2 20 

2 24 

22 60 

9 55 

166 7 

4 38 

2 37 

2 18 

26 66 

017 

271 7 

4 00 

2 91 

2 29 

24 24 

9 95 

255 1 

5 26 

2 44 

189 

2215 

9 75 

204 5 

4 09 

228 

2 43 
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oxalate precipitate by dilute potassium permanganate Any organic 
material brought down by the precipitate would obviously increase the 
final calcium value 2 Unless the pa of the solution is carefully con- 

Table 2 — The Polassmm, Calcium, Cholesterol and Inorganic Phosphorus Con- 
tent and the Potassiurn-Calcium and Calcturn-Phosphor us Ratios of 
the Blood Serum in Twenty-Five Control Cases 


Aitcrial Blood 
Pressure 

, ^ Pulse 





Sys Dias 
tolic, tolic, 
Mm Mm 
Mer Mer 

Pres 

sure, 

Mm 

Mer- 

Diagnosis 

and 

Potas 

Slum, 

Cal 

cium, 

Choles 

terol. 

Phos 

phorus, 

Potas Cal 
Slum cium 
Cal Phos 
, cium phorus 

Case Age 

Sev 

cury 

curj 

cury 

Comments 

Mg 

Mg 

Mg 

Mg 

Ratio 

Ratio 

1 

50 

P 

126 

85 

41 

Cinchona bark 
poisoning 

19 80 

10 62 

192 3 

4 42 

1 86 

2 40 

2 

65 

P 

120 

60 

60 

Gastro enteritis 

1818 

9 40 

161 3 

3 05 

1 93 

3 01 

3 

65 

M 

no 

50 

GO 

Lymphoblastoma 

20 40 

9 90 

161 3 

3 68 

2 06 

2 72 

4 

65 

P 

130 

84 

46 

Cancer of 
stomach 1 

17 17 

10 90 

126 2 

4 68 

1 58 

2 33 

5 

46 

P 

142 

84 

56 

Frontal sinusitis 

20 20 

10 50 

162 3 

4 04 

193 

2 60 

G 

52 

P 

135 

85 

50 

Myxedema, sec 
ondary anemia 

19 01 

9 80 

1316 

4 94 

2 02 

1 98 

7 

60 

M 

183 

70 

68 

Gout, infectious 
arthritis, arterio 
sclerosis 

20 20 

9 37 

120 6 

4 06 

216 

2 31 

8 

75 

M 

145 

80 

65 

Chronic consti 
pation 

18 50 

9 51 

206 5 

3 42 

196 

2 78 

9 

49 

M 

135 

70 

Go 

Diabetes melhtus, 
tabes dorsalis 

19 90 

9 60 


3 39 

2 07 

2 83 

10 

62 

M 

125 

75 

50 

Lobar pneumonia, 
mild arterio 
sclerosis 

20 00 

9 32 

15] 2 

4 09 

215 

228 

11 

68 

P 

125 

so 

43 

Ulcer or cancer of 
stomach, arterio 
sclerosis 

20 83 

9 65 

2C0 0 

4 76 

216 

2 03 

12 

49 

M 

133 

90 

45 

Bronchopneu 

monia 

18 90 

10 00 

165 5 

3 04 

1 89 

3 29 

13 

60 

P 

135 

85 

to 

Cancer of stomach 21 05 

9 43 

189 2 

523 

2 23 

1 80 

14 

65 

M 

130 

65 

05 

Pleurisy, arterio 
sclerosis 

2197 

9 44 

208 3 

4 71 

2 83 

2 00 

15 

69 

F 

125 

60 

65 

Lobar pneumonia, 21 51 
generalized arterio 
sclerosis 

9 40 

2717 

4 97 

2 29 

189 

16 

o5 

P 

110 

GO 

50 

Diabetes, arterio 
sclerosis 

20 20 

10 09 

195 3 

4 23 

1 89 

2 53 

17 

40 

M 

130 

95 

35 

Tumor of the 
brain or subarach 
noid hemorrhage 

21 00 

9 80 

137 3 

414 

2 14 

2 48 

18 

55 

P 

125 

SS 

67 

Bronchopneu 

monia 

18 GO 

10 03 

142 9 

3 76 

186 

2 07 

19 

78 

P 

125 

50 

75 

Cancer of cecum 
secondary anemia 

18 18 

8 80 

133 0 

4 71 

2 07 

187 

20 

60 

M 

135 

SO 

55 

Arteriosclerosis 
tertiary syphilis 

2162 

9 30 

204 9 

4 82 

2 32 

193 

21 

42 

M 

125 

SO 

45 

Alcoholic neuritis, 
“Jamaica ginger ’ 
paralysis 

18 02 

9 65 

195 3 

4 79 

187 

2 01 


40 

M 

130 

80 

50 

Aeuritis and 
obesity 

2150 

9 54 

164 2 

4 01 

2 25 

2 38 

23 

59 

M 

135 

85 

50 

Pleurisj 

2127 

10 12 

260 3 

4 97 

210 

2 04 

24 

42 

P 

130 

90 

40 

Pleurisy 

23 53 

9 73 

195 3 

5 40 

2 42 

1 80 

25 

54 

P 

140 

90 

50 

Peptic ulcer 

18 18 

10 23 

162 3 

4 30 

1 78 

2 38 


Average 





19 99 

9 79 

1716 

4 30 

2 05 

2 33 


trolled, magnesium oxalate is also precipitated 3 Since the calcium is 
precipitated by the oxalate ion, the incomplete removal of the precipi- 
tating medium would again raise the calcium value These sources of 
error are eliminated in the Fiske-Logan method by the precipitation of 
the normal blood serum which has a pn of about 7 4, and by igniting 




WEINSTEIN-WEISS— ARTERIAL HYPERTENSION 


489 


the calcium oxalate precipitate to remove organic material and the excess 
oxalate ion 

Table 3 contains a comparison of the range and average values of 
potassium, calcium, cholesterol and inorganic phosphorus in the serum 
in cases m which there was hypertension and in cases m which hyper- 
tension was not present The cases with hypertension have been sub- 
divided into three groups (1) cases of uncomplicated hypertension. 


Table 3 — The Aveiage and Maximal Variations of the Potassium, Calcium, 
Cholesfci ol and Inoiganic Phosphorus Content and the Potassium-Calcium 
Ratio and Calcium-Phosphoi us Ratio of the Blood Sei iim in 
Seventy-Five Cases zmth Hypei tension and in 
Tzventy-Five Control Cases 


Num 

her 

of 

Cases 

Control 21 

Essential hypertension 37 

Hypertension with renal impair 
ment 0 

Hypertension w’lth cardiac im 
pairment 32 

Hypertension with and without 
complications 75 


Num 

her 

of 

Cases 

Control 25 

Essential hypertension 37 

Hypertension with renal impair 
ment 9 

Hypertension with cardiae im 
pairment 32 

Hypertension with and without 
complications 75 


All values are expressed in milligrams per hundred cubic centimeters of blood scrum 


(2) cases of hypertension with lenal involvement, (3) cases of hyper- 
tension with cardiac failure Table 3 shows that the average potassium 
level tends to increase from a level of 20 mg per hundred cubic centi- 
meteis of seium in control cases, to 22 15 mg per hundred cubic centi- 
meters in cases of hypertension with and without involvements When 
the cases' were separated clinically into groups according to complica- 
tions, those with cardiac involvement showed an average level of 22 8, 
mg , those with renal involvement, 22 1 mg , and the uncomplicated 
cases of h} pertension, 21 68 mg per hundred cubic centimeters of serum 
When the potassium level was charted against the systolic pressure 
(chait 1) the potassium value rose distinctly from 20 to 22 mg per 
hundred cubic centimeters of serum, between the systolic range of from 
150 to 180 mm of mercury From that point the rise seemed to be 
approaching a limit, foi at a systolic pressure of 230, the potassium level 


Potassium Calcium Cholesterol 


Range 

Aver 

age 

Range 

Aver 

age 

Range 

Aver 

age 

17 2 23 5 

20 00 

8 810 9 

9 80 

120 0 200 3 

171 0 

17 4 25 0 

21 08 

9 2 11 5 

9 88 

134 0 297 4 

212 7 

17 9 2G 2 

22 10 

8 CIO 8 

9 08 

192 5 200 3 

227 0 

18 7 29 2 

22 80 

8 010 7 

9 02 

138 8 271 7 

194 0 

17 4 29 2 

2215 

8 011 5 

9 75 

134 0 297 4 

204 5 


Potassium Cal Calcium Phos 
Phosphorus cium Ratio phorus Ratio 


Range 

Aver 

age 

Range 

Aver 

ago 

Range 

Aver 

age 

3054 

43 

1 78 2 42 

2 05 

1830 

2 33 

3056 

41 

1 74 2 63 

219 

1632 

2 41 

3668 

4 5 

1 77 2 79 

2 29 

1627 

218 

2350 

39 

1 77 3 32 

2 38 

1739 

250 

2368 

4 1 

1 74 3 32 

2 32 

1639 

2 43 
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was onl}^ 22 5 mg per hundred cubic centimeters of serum A similar 
relation was found when the potassium values were charted against the 
diastolic pressure This elevation of the potassium level with the blood 
pressure is largely due to the relatively high potassium values m patients 
with circulatory failure, as will be shown presently 

As indicated in chart 2, no change was observed m the calcium 
level The average calcium level in twenty-five control cases was found 
to be 9 8 as compared with 9 75 mg per hundred cubic centimeters of 
serum in seventy-five cases of hypertension with or without complica- 
tions The latter group, when subdivided, showed a calcium level of 
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Chart 1 — The distribution of the potassium level in the blood serum and its 
relation to the height of the sj'stolic blood pressure in seventy-five patients with 
hypertension and in twenty-five control cases 

9 88 mg per hundred cubic centimeters of serum for uncomplicated 
cases of hypertension , 9 68 mg for cases with renal involvement, and 
9 62 mg for cases with cardiac decompensation Since the calcium 
method uas accurate only within 1 per cent, the average calcium level 
of these groups was well within the limits of the observations on the 
controls The observed range of calcium values for the control cases 
was from 8 8 to 10 9 mg per hundred cubic centimeters of serum, or 
very similar to the range in the cases of unmvolved hypertension (9 2 to 
11 5 mg per hundred cubic centimeters) Moreover, when the calcium 
le\el of the hundred cases studied was plotted against the systolic or 
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Chart 2 — The distribution of the calcium level m the blood serum and its 
relation to the height of the systolic blood pressure m seventy-five patients with 
hypertension and in twenty-five control cases 
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Chart 3— The distribution of the inorganic phosphorus level m the blood serum 
and Its relation to the height of the systolic blood pressure in se^enty-five patients 
with hypertension and in twentv-five control cases 
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Chart 4 — The distribution of the values for the calcium-inorganic phosphorus 
ratio in the blood serum and its relation to the height of the systolic blood pressure 
in seventy-five patients with hypertension and in twenty-live control cases 
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Chart 5 — The distribution of the values for the potassium-calcium ratio m the 
blood serum and its relation to the height of the systolic blood pressure in seventy- 
fiTe patients i\ith hjpertension and in twenty-five control cases 
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diastolic blood pressure, the calcium level showed no tendency to rise 
as the blood pressure rose 

The observations on the inorganic phosphorus level corresponded 
to those on the calcium level, for the inorganic phosphorus level m 
seventy-five cases of mixed hypertension (4 1 mg per hundred cubic 
centimeters), showed no tendency to increase, as one would expect if 
the calcium level were to decrease (chart 3) Also the calcium-inor- 
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Chart 6 — The distribution of the cliolesterol level in the blood serum and its 
relation to the height of the s 3 ^stohc blood pressure in seventy-five patients with 
hypertension and m twenty-five control cases 


game phosphorus ratios in the seventy-five cases of hypertension (24), 
showed no tendency to deciease In hypertension with renal involve- 
ment, however, since renal dysfunction permits a greater retention of 
inorganic phosphorus, this ratio dropped to 2 18 (chait 4) 

The values for the potassium-calcium ratio roughly followed the 
potassium values, for the quotient rose fiom 2 05 for the control gioup, 
to 2 32 for the entire group of patients with hypertension Divided into 
gioups, the ratio of the unmvolved gioup was 2 19, that of the group 
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with cardiac involvement was 2 38, and that of the group with renal 
invclvement was 2 29 Plotted against the systolic or diastolic pressure, 
the potassium-calcium quotient showed the same type of curve as potas- 
sium It rose from 2 1 at 140 mm to 2 32 at 200 mm of mercury 
(chart 5) The explanation of this will be discussed later 

The blood cholesterol also showed a rise m level from a control 
average of 171 6 to 204 5 mg per hundred cubic centimeters of blood 
in cases of mixed hypertension In nine cases of hypertension with 
renal involvement, the level rose to 227 mg , corresponding to previous 
observations on increase m blood cholesterol with renal dysfunctions 

Plotted against the systolic or diastolic pressuie, the cholesterol 
rose from 170 mg per hundred cubic centimeter of blood at 140 mm to 
200 mg per hundred cubic centimeter of serum at 200 mm of mercury 
(chart 6) 

COMMENT 

The observations indicate that the seventy-five cases of hyperten- 
sion with 01 without secondary complication showed an average increase 
of 9 per cent m the potassium of the blood serum above the average 
level of the control group Division of the cases of hypertension into 
groups shows that the cases without renal or cardiac involvement 
showed an average increase of 7 7 per cent as compared with an increase 
of 5 2 per cent m cases with renal involvement, and an increase of 
12 2 per cent in cases of cardiac decompensation The following aie 
the most plausible interpretations for these differences 1 Changes 
that take place m cardiovascular dysfunction affect the potassium 
metabolism of the body m such a way as to cause an increase m blood 
potassium 2 Changes that take place m the parasympathetic-sympa- 
thetic balance so affect the potassium-calcium ratio that the blood 
pressuie rises, and renal and caidiac failure develop as secondary 
involvements 3 An overactivity of the parasympathetic nervous sys- 
tem occurs m a few instances, and this produces an increase m the 
blood potassium which m turn affects the arteriolar system or the blood 
pressure The first of the foregoing inferences is probably correct, 
for m thirty-seven cases of unmvolved hypertension, normal potas- 
sium values were present m 78 per cent and high values m only 21 
per cent , likewise, 65 per cent showed normal potassium-calcium values, 
and only 29 per cent, high values If changes m this ratio are 
factors m the etiology of hypertension, it is difficult to explain why 
only eleven of the thirty-seven uncomplicated cases of hypertension 
(29 per cent) showed high quotients If, however, these changes m 
potassium level and potassium-calcium quotient are indicative of altera- 
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tions m cardiorenal function, then it becomes plausible that 56 per cent 
of the cases of hypertension with renal involvement and 63 per cent of 
those with cardiac involvement showed abnormally high potassium- 
calcium quotients Moreover, since the potassium-calcium ratio for the 
thirty-seven uncomplicated cases of hypertension was 2 19 (as com- 
pared with a value of 2 05 in the control cases) which is well within 
the normal range of from 1 78 to 2 35, and since this ratio was only 
correct within 6 parts in 200, it would be hazardous to say that this 
slight rise in the ratio led to hypertension or was indicative of a change 
in parasympathetic-s)'mpathetic balance, which led to hypertension 
Thus, the fact that patients with clinical evidence of hypertensive cardiac 
failure showed an elevation of the potassium level of the blood, sup- 
ports the conception that the raised potassium level was the result and 
not the cause of aiterial hypertension 

The eight cases of involved hypertension that showed high potas- 
sium values may indeed have had some degree of cardiac failure, because 
it is well recognized that the evaluation of the cardiac reserve in arterial 
hypertension often offers considerable difficulty Frequentl}, when 
symptoms of cardiac failure are still absent, the cardiac reserve is 
already unpaired It is evident from clinical observations that “essential 
hypertension,” “primary arterial hypertension,” and “uncomplicated 
hypertension” are only relative terms and designate but one stage of 
the disease A patient who suffers from uncomplicated hypertension 
may succumb later as a lesult of cardiac or renal insufficiency It is 
therefore probable that several of the cases that did not exhibit clinical 
evidence of cardiac failure nevertheless had impaired circulatoiy func- 
tion which resulted in a rise m the potassium of the serum Finally, the 
observation of an elevated potassium content of the blood in cardiac 
failure without hypertension (Spiro® and Kisch®) is weighty evidence 
against the theory that an increase of potassium in the blood is the cause 
of arterial hypertension 

Elevation of the blood potassium without hypertension may be due 
to other causes than an overactivity of the parasympathetic nervous 
system But even if one were to concede that in certain instances of 
uncomplicated hypertension the elevation of the blood potassium is 
an indication of an overactive parasympathetic system, there is no evi- 
dence that such increase of the blood potassium affects the arteriolar 
resistance and thus the arterial pressure That, indeed, an elevated 
level m the blood potassium, as observed in the few cases of essential 
hypertension, does not increase the blood pressure is substantiated by 
the observataion that there is a high potassium level in the blood of 
patients with bronchial asthma, gastric ulcer and in certain types of 
neurosis 


59 Kylin, E Die Hypertoniekrankheiten, Berlin, Julius Springer, 1926, p 86 
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An analysis of the literature reveals that the claims that the para- 
sympathetic part of the autonomic nervous system is overactive in 
arterial hypertension are based on impressions and assumptions rather 
than on careful analytic observations There is a tendency to assume 
that an overactivity of the psychic function is associated with stimula- 
tion of the autonomic system , and it is often not appreciated that psychic 
overactivity and sympathetic overactivity frequently are not m causal 
lelationship and are present alone and not m combination Moreover, 
there may be an overactivity of one or more sections of the sympathetic 
or parasympathetic nervous system with normal functioning of the rest 
of the system Dennig, Fischer and Beringei observed that the 
responses of the vegetative nervous system do not depend essentially on 
the psychic state of the patient Recently, Weiss and Patek made a 
study of the psychic state and the autonomic nervous system in forty- 
two patients with arterial Itypertension and in thirty-seven control cases 
While the patients suffering from hypertension were overexcitable, 
impulsive and sensitive, the tests applied for the study of the autonomic 
nervous system failed to prove a definite overactivity of the para- 
sympathetic nervous system 

It has been definitely established by the analyses presented that no 
change from the normal range occurs in the calcium level of patients 
with hypertension The averages for the cases involved and unin- 
volved hypertension are well within the normal range and compare 
favorablv with normal values obtained by other authors using the same 
method That the calcium level of patients with hypertension does not 
change is indirectly verified by the fact that the inorganic phosphorus 
level and the calcium-inorganic phosphoius ratio are normal These 
results lemove any rational basis foi the administration of calcium for 
the elevation of the blood calcium through potent extracts of the 
parathyi oid glands as beneficial therapeutic procedures in arterial hyper- 
tension 

Of the thirty-seven patients with uncomplicated hypertension, 54 per 
cent presumably had hypercholesteremia, and 46 per cent showed normal 
values When, however, the lecords of the patients with hyperchol- 
esteremia vere examined, it was found that only five of the group had 
no recorded secondary complications other than hypertension , two 
patients were recovering from bronchial pneumonia, two suffered from 
duodenal ulcers , three from cerebral hemorrhages , three had a high 
nonprotem nitrogen content of the blood and low specific gravity of 

60 Dennig, H , Fischer, K, and Bennger, K Psyche und vegetatives Nerven- 
sjstem, Deutsches Arch f khn Med 167 26, 1930 

61 Weiss, S , and Patek, A J , Jr Unpublished study 
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the urine , one was passing through menopause , one had had an oopho- 
rectomy, one had tertiary syphilis, and two had cardiac asthma It 
has been repeatedly observed that the cholesterol level often sinks in 
infections (such as bronchopneumonia) and rises during recovery, that 
the level rises markedly in most foims of inteinal bleeding and m renal 
involvement, and that vaiious changes m the cholesterol level occur in 
disturbances of the secretions of the gonads Thus, of thirty-seven 
patients with uninvolved hypertension, only 13 per cent had a hyper- 
cholesteremia that could not be explained on the basis of known com- 
plications Moreover, a too rigid interpretation of cholesterol values is 
rather hazardous The cholesterol level m normal people is known to 
fluctuate as much as 35 mg pei hundred cubic centimeters duiing the 
course of a month (Muller®-) Therefore, a marked deviation of the 
cholesterol level from the normal range, such as is reported in pernicious 
anemia and diabetes, must necessarily be present befoie any definite 
role can be attributed to the cholesteiol content of the blood in aiterial 
hypertension Such an alteration has not been observed It should be 
remembered also that although the usual functional tests of the kidneys 
fail to reveal an impaired renal function, a considerable encroachment 
on the normal reserve of the kidneys may be present in aiterial hyper- 
tension Observations by Weiss and Elhs®® indicate that in essential 
hypei tension the flow of blood through the kidneys, as measured with 
the urea cleaiance test, may be considerably reduced although the func- 
tion of the kidney as measuied by other methods is still normal Thus 
the slightly elevated cholesteiol level observed in a few instances may be 
the lesult of early lenal involvement 

In attempting to correlate changes in the potassium-calcium ratio 
to changes in the cholesterol level, it was found that of the twenty 
presumable cases of hypercholesteremia observed in the patients with 
involved hypertension, only 25 per cent showed a ratio of over 2 35 , of 
the five cases of hypercholesteremia with no known involvements affect- 
ing the cholesterol level, not one showed a high potassium-calcium ratio 
Thus in these cases of hypertension, there is definitely no relation between 
changes in the potassium-calcium ratio and the cholesteiol level 

The results of this study, therefoie, do not support the hypothesis 
that increased potassium, increased cholesterol or decreased calcium 
content of the circulating blood alone or m combination is respon- 
sible for the increase m the arteriolar resistance of arterial hypertension 
Since the claims that other circulating substances, such as guanidine, the 
aniino-acids, epinephrine and chloride ions, cause arterial hypertension 
are similarly not supported by reliable, direct observations in man, one 

62 Muller, G L Personal communications to the authors 

63 M^eiss, S , and Ellis, L B Unpublished observations 
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must conclude that direct experimental support is thus far lacking m 
the numerous clinical suggestions that a “circulating chemical element” 
IS responsible for increased peripheral resistance, and therefore is the 
responsible factor m the causation of arterial hypertension 

SUMMARY AND CONCLUSIONS 

1 A study of the significance of the potassium-calcium ratio and 
the inorganic phosphorus and cholesterol of the blood serum m seventy- 
five cases of hypertension and twenty-five control cases is presented 

2 The average potassium level rose from 20 to 22 15 mg per 
hundred cubic centimeters of serum in seventy-five cases of hyperten- 
sion with or without secondary complications This rise was most marked 
in cases of hypertension with cardiac involvement, in which the average 
level was 22 8 mg per hundred cubic centimeters 

3 The average calcium level in seventy-five cases of hypertension 
with and without complications was normal (9 75 mg per hundred cubic 
centimeters) as compared with that of the control group (9 8 mg per 
hundred cubic centimeters) 

4 The correctness of the observations on the normal amount of 
calcium m arterial hypertension was supported by the fact that the 
inorganic phosphorus level in these seventy-five cases (4 1 mg per 
hundred cubic centimeters) showed no tendency to increase above the 
average amount of inorganic phosphorus in the controls (4 3 mg per 
cent), while the calcium-morgamc phosphorus ratio of the seventy-five 
cases of hypeitension (2 43) showed no tendency to fall below that 
of the control cases (2 33) 

5 The potassium-calcium ratio rose from a control level of 2 05 
m twenty-five control cases to 2 32 in seventy-five cases of hypertension 
with or without iiwolvements This rise was most marked in patients 
with hypertension and cardiac involvement (2 38) and least m patients 
with uninvolved hypeitension (2 19) 

6 The slight increase observed in the potassium level and m the 
potassium-calcium ratio obsened in the cases of hypertension was prob- 
ably due to impairment of the circulatory functions 

7 The cholesterol level rose from a control level of 171 6 to 204 5 
mg per hundred cubic centimeters in seventy- five cases of hyperten- 
sion with or without im olvements This rise was most marked in patients 
with h}pertension and renal involvement (227 mg per hundred cubic 
centimeteis) and least in patients with hypertension and cardiac involve- 
ment (194 mg per hundred cubic centimeters) Of thirty-seven cases 
of uninvolved h}pertension, only five (13 mg per hundred cubic centi- 
meters) showed an unexplainable hypercholesteremia 
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8 There was no relation between the potassium-calcium ratio and 
the cholesterol content of the blood in hypertension 

9 Neither changes in the potassium-calcium ratio nor hypercholes- 
teremia can be considered as playing a fundamental role m the develop- 
ment of arterial hypertension Elevation of the potassium and cholesterol 
levels observed in one group of patients with hypertension is the result 
rather than the cause of changes in the cardiovascular system in arterial 
hypertension 

Dr F H L Taylor advised concerning the selection and adaptation of the 
chemical methods used in carrying on this investigation 



THROMBO-ANGIITIS OBLITERANS (BUERGER 

VI CHEMISTRY OF THE BLOOD 
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In a recently published paper/ we stated that there is a striking 
1 eduction in the volume of blood m thrombo-angntis obliterans In 
order to determine whether this reduced amount of blood is concentrated 
or normal, we studied the amounts of the individual chemical constitu- 
ents in the blood Determinations of the total amount of ash, total 
amount of proteins, chlorides, calcium, phosphorus, cholesteiol, fasting 
sugar and the tolerance for sugai were made In a small group of cases 
the specimens of blood were also subjected to a determination of frac- 
tional proteins in order to see whether any striking variation could be 
discovered 

REVIEW OF THE LITERATURE 

A review of the literature on chemical studies of the blood in 
thrombo-angntis obliterans is not illuminating, for in most instances the 
number of cases studied was few, and the conclusions drawn do not 
agree Vaiious investigators have focused their attention on one or 
moie constituents, but no one has presented a complete chemical picture 
of the blood in an adequate number of cases Bernhard" leported that 
the nonprotem nitrogen, calcium, cholesterol and chlorides were within 
normal limits and that in a few cases the blood sugai was elevated dunng 
fasting Heitz ® stated that the cholesterol was increased, ranging 
between 250 and 305 mg per hundred cubic centimeters Troisier and 

* Submitted for publication, Jan 2, 1931 

From the Out-Patient Department and the Laboratories of the Mount 
Sinai Hospital 

This work was aided by a grant from the Samuel Kellar Jacobs Research 
Fund for Thrombo-Angiitis Obliterans 

1 Silbert, S , Kornzweig, A L , and Friedlander, M Studies in Thrombo- 
Angntis Obliterans (Buerger) IV Reduction of Blood Volume, Arch Int Med 
45 948 (June) 1930 

2 Bernhard, Adolph Summary of the Chemical Blood Findings m Thrombo- 
Angiitis Obliterans, Med Rec 97 430, 1920 

3 Heitz, Jean De la cholestermemie chez les sujets affectes d’arteritis 
obhterantes, Ann de med 14 378 (Nov ) 1923 
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Ravina^ likewise found increased cholesterol, avei aging about 240 mg 
per bundled cubic centimeters Kuwabara,® quoted by Koyano,® lepoited 
noimal figures foi cholesterol and normal tolerance for sugai m the 
cases that he studied among the Japanese Allen and Brown' leported 
noimal figures for blood sugar and urea, and they aie the only ones 
who found figuies for cholesteiol at the lower limit of normality 
' Meleney and Miller ® studied the content of sugar during fasting and 
the tolerance for dextrose m 20 cases, and then found no striking 
variation from noimal Jablons® also found a normal tolerance for 
dextrose He quoted Kahn’s unpublished studies and stated that m 
6 cases the calcium content was inci eased Belegoiodsky, quoted by 
Oppel,^° found an increased content of calcium m the blood in this 
condition In a personal communication. Dr Alice Bernheim stated 
that she found the calcium level elevated In his book,^^ aside from 
a reference to Koyano’s paper, Buerger did not discuss the chemical 
constituents of the blood The prepondei ance of evidence, therefore, 
seems to indicate that increased amounts of calcium and cholesterol 
are piesent and that the toleiance for sugar is normaD*' 

MATERIAL AND METHODS 

The patients investigated had typical cases of thrombo-angiitis obliterans , they 
were selected at random from the large number being treated m the special clinic 
for this disease in the outpatient department of the Mount Sinai Hospital The 
group represented all stages of the disease and various ages, and included both 
patients to whom treatment had been given and ones who had not received treat- 
ment More than 100 cases were studied, but in order to avoid the inaccuracies 
that might have been present in the earlier determinations, the data of only the 
last forty cases are presented A group of controls were studied to check the 
accuracy of our technic, and in each instance the figures obtained were within 

4 Troisier, J , and Ravina, A La citrate de sonde mtravenieux dans la 
thrombo-angeite obliterantes. Bull et mem Soc med d hop de Pans 48 570 
(May 15) 1924 

5 Kuwabara, M Beitrage zur Aetiologie der Spontangangran an den 
Extremitaten, Kyoto Igaku Zassi 17 61, 1920 

6 Koyano, K Clinical Study of 120 Cases of Thrombo-Angiitis Obliterans 
Among the Japanese, Acta scholae med univ imp, Kioto 4*489, 1922 

7 Allen, E V , and Brown, G E Thrombo-Angiitis Obliterans, A Clinical 
Study of 200 Cases, Ann Int Med 1 535, 1928 

8 Meleney, F L , and Miller, G G Contribution to the Study of Thrombo- 
Angiitis Obliterans, Ann Surg 81 976, 1925 

9 Jablons, B Thrombo- Angiitis Obliterans, Internat Clin 3 193, 1925 

10 Oppel, V A Gangrene spontanee et surrenalectomie, Lyon chir 24 1 
1927 

11 Buerger, Leo The Circulatory Disturbances of the Extremities Philadel- 
phia, W B Saunders Company, 1924 

12 Leibovici, R Etude chirurgicale des gangrenes juveniles. Pans, Gaston 
Doin, 1928 



Table 1 — Chemical Constituents of the Blood in Forty Cases of Thrombo- 

AngitHs Obhteiaiis 





Total 

Total 




Choles 




Ash Con 

Protein 


Phos 

Chloride 

terol 



Blood 

tent m 

Content 

Calcium 

phorus 

in 

m 



Volume 

Plasma, 

in Blood, 

m Serum, 

m Serum, 

Plasma, 

Plasma, 



per Kg , 

Gm per 

Gm per 

Mg per 

Mg per 

Mg per 

Mg per 

Name 

Date 

Cc 

100 Oc 

100 Cc 

100 Cc 

100 Cc 

100 Cc 

100 Cc 

L E 

1/31/30 



21 5 

12 4 



203 

L C 

2/28/30 


1 5 

220 

no 

18 

52 6 

220 

J B 

2/26/30 


1 3 


13 0 

20 

59 7 

250 

M G 

3/ 8/30 



23 7 

12 0 

20 

62 0 

235 

M H 

3/21/30 


1 3 

20 0 

13 0 

1 8 

58 0 

200 


3/25/30 


1 4 

212 

12 0 

20 

58 5 

185 

J W 

4/14/30 


1 3 


119 

1 9 

52 6 

210 

W B 

4/15/30 

63 7 

1 0 

22 5 

11 9 

20 

50 0 

235 


4/24/30 

63 4 


23 8 

12 8 

20 

50 0 

250 


8/25/30 


1 2 

22 5 

12 5 

20 

51 5 

250 

J G 

4/17/30 

718 

1 3 


12 0 

20 

52 0 

250 

M ■\\ 

5/14/30 

46 3 

17 

21 0 

12 2 

18 

52 0 

220 


5/16/30 


10 

23 0 

11 8 

20 

49 2 

210 

H B 

6/17/30 


10 

22 5 

11 5 

1 8 

46 8 

210 

M P 

7/11/30 


1 2 

210 

12 0 

1 8 

52 6 

235 


8/ 0/30 


1 1 

21 9 

12 0 

20 

52 0 

235 

L K 

7/15/30 



231 

12 0 

20 

52 6 

235 


7/17/30 



231 

12 0 

20 

52 0 

235 

B B 

7/15/30 



231 

12 0 


51 5 

235 


7/17/30 



225 

12 0 

1 8 

52 6 

263 

D S 

7/25/30 



22 5 

12 5 

2 0 

51 5 

235 


7/28/30 



231 

13 0 

20 

02 6 

235 

B P 

7/28/30 

68 0 


22 5 

13 0 

1 8 

52 0 

290 

M F 

7/28/30 

06 0 


231 

13 0 

1 8 

52 0 

250 


7/30/30 



23 8 

12 0 

20 

51 5 

250 

R M 

8/25/30 


1 1 

22 5 

12 5 

20 

52 6 

235 


9/10/30 


1 1 

22 5 

13 0 

20 

51 5 

235 

J M 

8/29/30 

65 2 

12 

231 

13 0 

1 8 

40 8 

203 

J BT 

9/ 5/30 

58 0 

1 5 

24 4 

12 5 

20 

52 0 

210 

H Z 

2/10/30 

75 0 

1 2 

23 8 

12 0 

1 3 

58 5 

210 

r z 

2/10/30 


1 2 

23 0 

11 7 

1 2 

59 7 

210 

H L 

2/ 3/30 

69 0 



13 0 

1 4 

03 1 

240 

E M 

2/24/30 

69 8 


23 8 

12 4 

25 

58 5 

250 


8/29/30 

65 0 

1 2 

23 8 

12 5 

1 9 

50 0 

205 

J S 

9/ 8/30 

50 0 

1 3 

23 8 

13 0 

1 5 

55 0 

250 

N G 

2/ 5/30 



22 5 

11 9 

1 7 

55 0 

230 

B F 

2/10/30 


1 3 

20 0 

12 8 

1 4 

58 5 

270 


2/28/30 


1 2 

22 5 

12 0 

20 

501 

220 

D K 

2/10/30 


1 0 

20 6 

10 8 

1 5 

59 7 

2,-0 


3/17/30 


1 3 

22 5 

11 4 


04 0 

220 

E L J 

2/21/30 


1 2 

22 5 

12 0 

1 7 

64 0 

235 

■i L 

2/20/30 

58 0 

1 0 

24 0 

12 0 

1 9 

55 0 

210 

J S 

2/22/30 

62 4 

1 0 

24 0 

12 0 


58 5 

210 


9/ 6/30 

52 0 

13 

25 0 

13 0 

18 

58 5 

220 

C K 

2/24/30 

05 2 



12 2 

20 

58 5 

195 


9/ 5/30 

53 0 

1 3 

24 4 

13 0 

2 0 

55 0 

230 

T Z 

6/ 4/30 

64 8 

1 2 


11 5 

20 

52 0 

250 


8/20/30 

54 0 

1 3 

21 8 

12 0 

20 

52 6 

250 

J F 

9/ 8/30 

53 0 

1 3 

231 

12 0 

1 9 

50 3 

235 

H E 

3/12/30 

680 

09 

22 5 

12 0 

1 8 


235 


8/20/30 

62 0 



12 5 

1 8 

51 5 

210 

B L 

3/19/30 

62 0 

12 

234 

13 3 

22 

07 8 

250 

M W 

4/ 2/30 

53 0 

1 2 

22 5 

11 6 

1 9 

55 0 

2i0 

B R 

4/14/30 

71 0 

1 1 

230 

12 0 

2 0 

53 8 

210 

B S 

8/14/30 


1 3 

22 5 

13 0 

20 

51 5 

205 

H G 

8/18/30 


12 

238 

13 0 

20 

52 0 

250 

B B 

8/18/30 

50 0 

1 2 

23 8 

14 0 

1 8 

52 6 

263 

D L 

8/21/30 

60 0 


231 

14 0 

1 8 

50 0 

250 






.. 

— 



—— 

Average 


01 6 

1 2 

22 8 

12 4 

1 9 

54 7 

235 
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the accepted range of normal All of the patients and the subjects used as 
controls were males All determinations were made on specimens of blood 
obtained in the morning before the patient had broken his fast 

The determinations of the total amount of ash were made after evaporating and 
ashing from 2 to 5 cc of plasma The total nitrogen content was obtained by 
the Kjeldahl macroscopic and microscopic methods, and the total protein content 
was computed by multiplying by 6 25i-‘ Determinations of calcium were made by 
the Clark-Collip modification of the Kramer-Tisdall method To insure com- 


Tablh 2— Chemical Constituents of the Blood m Twenty-One Noimal Pei sons 





Total 

Total 




Choles 




Ash Con- 

Protein 


Phos 

Chloride 

terol 



Blood 

tent in 

Content 

Calcmm 

phorus 

in 

in 



Volume 

Plasma, 

In Blood, 

m Serum, 

m Serum, 

Plasma, 

Plasma, 



per Kg , 

Gm per 

Gm per 

Mg per 

Mg per 

Mg per 

Mg per 

Name 

Date 

Cc 

100 Cc 

100 Cc 

100 Cc 

100 Cc 

100 Cc 

100 Cc 

A F 

2/12/30 




10 0 


41 0 

135 

B S 

2/18/30 


09 

18 8 

10 2 

1 9 

52 6 

135 

C B 

3/ 8/30 



15 0 

10 6 

18 

46 8 

150 

s s 

3/ 8/30 



15 0 

10 2 

20 

47 0 

185 

I M 

4/ 9/30 



18 8 

90 

20 

49 1 

180 

S G 

0/ 4/30 


10 

15 0 

97 

20 

52 6 

170 

H S 

0/ 4/30 


10 

16 8 

10 2 

20 

52 0 

185 

A A 

G/12/30 


1 0 

20 0 

10 5 

28 

49 0 

185 

A K 

G/12/30 


09 

15 0 

101 

27 

47 0 

170 

W L 

0/12/30 


1 0 

13 5 

10 2 

28 

40 8 

150 

E S 

G/12/30 


09 

17 5 

101 

28 

46 8 

170 

E K 

8/ 4/30 


09 

18 8 

80 

28 

46 8 

105 

T N 

8/28/30 


09 

18 8 

10 0 

30 

52 0 

105 

Ai erage 



09 

10 9 

99 

24 

48 6 

105 

V V* 

2/28/30 


12 

18 8 

84 

2 5 

40 8 

265 

G G* 

3/12/30 



25 0 

10 0 

2 5 

65 0 

220 


3/28/30 



23 0 

112 

20 

585 

270 


8/27/30 


10 

213 

10 5 

20 

62 6 

270 

W H« 

4/17/30 


09 

18 8 

10 9 

19 

56 0 

170 

D K» 

G/19/30 


1 0 

21 0 

10 5 

20 

46 8 

205 

S U* 

7/ 1/30 


10 

23 1 

110 

20 

51 5 

270 

H S* 

7/ 8/30 


10 

231 

no 

20 

515 

270 

II S’* 

8/ 4/30 


1 0 

20 0 

no 

2 5 

51 5 

250 

I G* 

8/28/30 


1 0 

20 0 

10 5 

3 0 

51 2 

265 

Average 



1 0 

21 4 

10 5 

22 

531 

250 


* Theso patients -were heavy smokers The high figures for the total protein and cholesterol 
content are noteworthy 


plete precipitation of the calcium the mixture of serum ammonium oxalate was 
allowed to stand for twenty- four hours Studies on phosphorus were made by 
the Kuttner and Lichtenstein method Figures for cholesterol were obtained by 
the Sackett modification of Floor’s method Chlorides were studied by the 

13 Hawk and Bergeim Practical Physiological Chemistry, ed 9, Philadel- 
phia, P Blakiston’s Son & Company, 1927, p 711 

14 Clark, E P , and Collip, J B A Study of the Tisdall Method for Deter- 
mination of Blood Serum Calcium with a Suggested Modification, T Biol Chem 
63 461, 1925 

15 Kuttner, T , and Lichtenstein, L Micro Colorimetric Studies Estimation 
of Phosphorus, J Biol Chem 86 671, 1930 

16 Sackett, Guy E Modification of Floor’s Method for the Determination of 
Cholesterol, J Biol Chem 64 203, 1925 
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method of Van Slyke/" and the sugar content, by the modified Fohn-Wu 
method Tests for sugar tolerance were made after the administration of sugar 
by both the oral and the intravenous method 


RESULTS 

Total Ash Content — The inorganic content of the plasma was 
determined hy evaporating a known amount of plasma in an oven to 
a dry weight, and then incinerating it until all organic matter was 
consumed A normal figure for the total ash content is about 09 
Gm per hundred cubic centimeters, and from 0 8 to 1 Gm may be 
taken as the limits of normal vaiiations Forty determinations of 
the total ash content in patients with thrombo-angntis obliterans gave 


Table 3 — Detammahon joi Fi actional Plasma Piotein tn Ten Persons with 
Tluonibo-Anqntis Obhteians and Fotii Noimal Peisons 


Patients tvitli Thrombo Angiitis Obliterans 

Plbnn, 
per Cent 

Albumin, 
per Cent 

Globulin, 
per Cent 

A R 


0 4S 

4 90 

2 50 

T Z 


0 53 

5 29 

2 29 

M R 


0 58 

4 77 

2 09 

J B 


0S7 

5 04 

182 

A S 


0 57 

4 82 

199 

B S 


0 05 

6 03 

3 38 

S R 


0 64 

518 

3oS 

I G 


0 51 

5 72 

■>31 

B R 


0 62 

5 71 

Cl 

W Z 


0 66 

5 94 

2 47 

Dr G 

Normal Subjects 

0 48 

5 28 

218 

Dr S 


0 37 

5 22 

210 

Dr R 


0 42 

5 22 

2 00 

Dr S 


0 40 

5 82 

2 48 


an average of 1 2 Gm , as compared to 0 9 Gm m ten control subjects 
Thus the ash content reveals an average increase m mineral constituents 
of more than 30 per cent Total solids, as detei mined by dry weight, 
show a similai increase 

Total Piotcin Content in the Blood — The total amount of nitrogen 
m the blood was determined by the standard macroscopic and micro- 
scopic Kjeldahl methods The total protein content was estimated by 
multiplying by 6 25 the figure obtained The normal range of total 
proteins in whole blood has been estimated as being from 15 to 20 Gm 
per hundred cubic centimeters ^ In our group of control cases the 

17 Van Slyke, Donald D Determination of Chlorides in Blood and Tissue, 
T Biol Chem 58 523, 1923 

18 Fohn, Otto and Wu Hsien A Simplified and Improved Method for 
Determination of Sugar. J Biol Chem 41 367 1920 

19 Woodvatt, R T Timed Intravenous Injections of Glucose at a Lower 
Rate, J Biol Chem 30 155, 1917 
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average figure was 16 9 Gm per hundred cubic centimeters In the 
40 cases of thrombo-angiitis obliterans, the range was from 20 to 
25 Gm pel hundred cubic centimeters Thus, with an average of 22 8 
Gm per hundred cubic centimeters, there is an inciease in the total 
protein content of the blood of appioximately 30 per cent In 10 
cases, a fractional protein analysis was made on the plasma An 
increase in all constituents was apparent, but it was more striking in 
the fibrinogen fraction (table 3) 

Calcium and Phosphoi us —One of the striking alterations that we 
found 111 the patients with thrombo-angiitis obliterans was the uniform 
inciease in the calcium content of the serum In the 40 cases leported, 
this elevation was clearly illustiated (table 1) The average figuie 
obtained in the subjects used as controls was 9 9 mg pei hundred cubic 
centimeters, which agrees with the figures obtained by other investi- 


Tablf 4 — Blood Sugat in Fifty-Thi ec Fasting Patients with Thi omho-Angniis 

Oblitei ans 


Mg per 100 Cc 

Xumber of Cases 

60 09 

4 

70 79 

14 

SO 89 

11 

90 99 

11 

100 110 

13 

Total 

53 


gators In the patients with thrombo-angiitis obliterans, the determi- 
nations for calcium by the same method ranged from 10 5 to 13 mg , 
with an average of 12 4 mg per hundred cubic centimeters Associated 
with this elevation in the level of calcium was a decrease m the figures 
for phosphorus (table 1) 

Clwlestei ol — Another consistent alteration noted m the chemical 
analysis of the blood was an appreciable elevation in the level of choles- 
terol in the plasma The figures ranged from 210 to 265 mg , with 
an average at about 235 mg per hundred cubic centimeters Determi- 
nations made by the same method on normal subjects averaged 165 
mg per hundred cubic centimeters 

Chloudes and Sngat — In a few cases the chlorides in the plasma 
showed a slight increase over the normal ( from 45 to 55 mg per 
hundred cubic centimeters), but for the most part they may be classed 
as high normal Studies made on fifty-three fasting patients showed 
the level for sugar to be normal (table 4) In 37 cases a study of 
the tolerance for sugar after its administration by mouth was made, 
and ill 14 cases, after the intravenous injection of dextrose, these tests 
failed to show any striking abnormality 
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COMMENT 

From a study of the data piesented, the general trend is unmis- 
takable It IS readily apparent that the amounts of organic and mineral 
matter present in the blood are greater than normal, and that they 
are roughly equivalent to an increase of about 30 per cent over the 
figures obtained for our control cases Since our determinations for 
the volume of blood in patients with thrombo-angiitis obliterans reveal 
a decrease of from 20 to 25 per cent, it can be stated that with this 
decrease in volume there is a tendency to an increase in density or 
concentration This would suggest that a curious process of chronic 
dehydration is one of the factors present in thrombo-angiitis obliterans 
A study of the water metabolism m some of our cases (to be published 
later) shows abnormalities which may throw some light on this point 
That concentration is not the only factor is also apparent from the fact 
that with elevation of the figures for calcium there is a diminution 
in the phosphorus 

SUMMARY AND CONCLUSIONS 

A chemical analysis of the blood of forty patients with thrombo- 
angiitis obliterans was studied to determine the total ash content, total 
protein content, calcium, phosphorus, chlorides, sugar and the choles- 
terol content 

Increases in the total ash content, total piotein, and in the calcium 
and cholesterol were noted No striking abnormalities were found in 
the determinations for chlorides and sugar Tests for tolerance of 
sugar ga\e normal results 

The conclusion that theie is a tendency to concentration of the 
blood 111 thrombo-angiitis obliterans seems warranted 



CUTANEOUS LESIONS ASSOCIAIED WITH A DEFI- 
CIENCY IN VITAMIN A IN MAN ^ 

CHESTER N FRAZIER, MD 

AND 

CH’UAN-K’UEI HU, MD 

PEIPING, CHINA 

During the winter and spring of 1928 and 1929 many cases of 
kei atomalacia were seen in the hospital of the Peiping Union Medical 
College Most of these occurred among Chinese soldiers, garrisoned 
111 villages in the vicinity of Peiping, who had subsisted foi various 
periods of time on inadequate diets, deficient particularly in animal 
proteins and fats 

In addition to the classic signs of kei atomalacia, the majoiity of 
these patients manifested certain cutaneous lesions of such unifoim 
chaiaq^;ei as to suggest their being of moie than coincidental signifi- 
cance This assumption was given further support by the fact that 
they were analogous histologically to the pathologic changes in the 
eye and in other tissues of animals and man following deprivation of 
fat-soluble vitamin A As a rule the lesions of the skin preceded the 
appeal aiice of keratomalacia and responded to dfetary theiapy simul- 
taneously with the ocular lesions, although much more slowly . None 
of the patients showed signs of beribeii, pellagia or scuivy 

The fifteen cases constituting the material on which this report is 
based were first studied in the ophthalmologic clinic, where the 
diagnosis made was typical keratomalacia of from two weeks to three 
months’ duiation In reporting observations on these and earlier cases, 
Pillat ^ emphasized the identity of the oculai lesions with those found 
in infants and children under similar conditions of malnutrition He 
also called attention to the geneialized manifestations of deficiency in 
vitamin A among these patients, including involvement of the skin 
Cutaneous lesions have hitherto not been described in connection with 
nutritional ophthalmia, although Bloch “ obseived a diy, shriveled, scal> 
condition of the skin among infants affected with the disease, and Wilson 

Submitted for publication, Dec 31, 1930 

From the Division of Dermatology and Syphilology of the Department of 
Medicine, Peiping Union Medical College 

1 Pillat, A Does Keratomalacia Exist m Adults? Arch Ophth 2 256 
<Sept) and 399 (Oct) 1929 

2 Bloch, C E Ugesk f lieger 79 1516, 1917 
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and DuBois,® among otheis, repoited in association with kei atoinalacia 
a condition somewhat similar to that not infrequently present in patients 
with severe malnutrition without signs of xerophthalmia 

All fifteen patients of this senes weie soldiers, with the exception 
of one, a pedlei, and were admitted to the hospital during Febiuary, 
March and Apiil, 1929 Their ages ranged from 19 to 33 years, the 
majority being in the early part of the second decade Each gave a 
history of having lived on a poor and monotonous diet foi periods of 
from SIX months to one or more years The diets consisted chiefly 
of rice, maize, millet, occasional!} a poor grade of wheat floiii, white 
cabbage and salted vegetables Meats, eggs and green vegetables were 
rarely eaten , a few patients had never had these articles of food, and 
others had had them not moie often than once a month Usually the 
quantity of food was sufficient, but there is reason to believe that the 
diet in many cases was much poorer both in quality and amount than 
was lepoited The bettei paid officers who were able to supplement 
the regular ration were not affected by the disease 

In this connection it is well to call attention to the mam features 
of the ordinal y Chinese diet In an extensive study of the food- 
stuffs utilized 111 the common diet of several groups of the Chinese 
middle classes in Peiping, Wu and WtU ha\e observed that the 
aveiage diet is adequate in caloric value but below the optimum in 
proteins and m vitamins A and D, and low m calcium and phosphorus 
Vitamins B and C aie probably present in adequate amounts Piac- 
ticalh all the fats and oils used for dietary purposes are of vegetable 
oiigin, milk, butter and other daily pioducts are almost never used 
It IS clear, therefore, that even under ordinary cii cumstances of civil 
life, the Chinese dietary is low in vitamin A 

HISTORY OF SYMPTOMS 

The natuial histoiy of the development of the lesions of the skin 
was as follows Seveial weeks prior to the onset of the ocular symp- 
toms, the skin became diy and slightly rough Subsequently, spinous 
papules appeared at the sites of the hair follicles, fiist involving the 
anterolateral aspect of the thighs and the posterolateral aspect of 
the upper pait of the foiearms The eruption gradually spread to the 
extensor surface of both uppei and lower extremities, the shoulders 
and the lower part of the abdomen, and to a less extent to the chest, back 
and buttocks In some cases the skin was darker than noimal, tinning 
a dull slate coloi Theie was absence of visible sweating, and the 

3 V'llson J R, and DuBois, R O Keratomalacia m an Infant with Post- 
mortem Examination Am J Dis Child 28 431 (Nov ) 1923 

4 Wu, H, and Wu, D L Chinese J Physiol Rep, ser 1, 1928, p 135 
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articular folds, Avhich aie usually moist, were diy and covered with 
closely adherent, delicate scales The noimal markings on the surface 
of the skin weie exaggeiated in places, giving it a finely wnnklecl 
appeal ance 

The folhcnlai papules varied in size according to the stage of devel- 
opment and the degree of peiifolliciilai infiltiation The laigest weie 
approximately 5 mm in diametei, hemispheiical, rathei firm and usually 
deeply pigmented The h}^perpigmentation extended in a naiiow zone 
beyond the base of the lesion Each papule held in its apex a keratotic 
plug which in most instances projected above the surface of the lesion 
as a hard spinous process, oi was coveied by a loosely adherent scale 
that bridged the occluded follicular lecess When expiessed, the 
plugs left gaping central craters m the summits of the papules The 
eiuption was usually abundant and symmetrical, but occasionally the 
lesions weie few and widely scatteied, oi more raiely, lestricted to 
a single aiea 

In five cases theie was a marked tendency to pustulation, usually on 
the extremities, leading to the formation of ecthymatous ulcers 
Although as a lule theie weie not ovei foui oi five such ulceis, in 
one case they weie so numerous and so shaiply formed as to resemble 
secondaiy ulceiative syphilids Cultures of Staphylococcus am eus and 
Sti eptococcns hcinolyltcus were obtained fiom the ulceis in several 
cases Scabies was a complicating infection m four instances 

Laige numbeis of conspicuous comedones were present on the face 
at the sites commonly involved by acne In one case, that of a patient 
28 yeais of age, these were the only lesions of the skin besides the 
general xeiosis A few acneiform papules weie also distributed over 
the same areas Unlike acne, the skin of the face was dry and without 
any sign of excessive sebaceous secretion Occasionally it had a puffy 
appeal ance suggesting edema 

The hail was diy but otherwise normal No remarkable changes 
111 the nails weie observed, although two patients had slight transverse 
iidging of a single nail on each hand Other than a slate-colored 
pigmentation of the buccal and lingual mucosa in one patient, and a 
mild atiophic rhinitis in anothei, the mucous membianes of the oral 
and nasal cavities showed no visible variation from the normal 

Examination of the nenous system did not reveal any significant 
abnoimality, and there was no instance of cardiovasculai disease m 
this gioiip of cases Two patients had pulmonaiy tuberculosis, and 
thiee an acute tiacheitis oi bronchitis One of the patients with 
pulmonaiy tuberculosis was thought also to have tuberculosis of the 
intestine Tins was the only case in which theie were gastro-intestmal 
SI niptoms 
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Ova of Ascaus were found in the stools of eight patients, ova of 
hookworm in five and cysts of Eniameba Instolyhca in one Four of 
the fifteen patients were apparently free from intestinal parasites 

Chemical and microscopic examination of the urine gave negative 
results, with the exception of the patient with advanced tuberculosis, 
whose uiine contained a trace of albumin This patient also had edema 
of both feet and ankles of two months’ duration, and a severe secondary 
anemia Four other patients had anemia of model ate degree The 
Wassermann and Kahn tests of the blood gave positive results in 
two cases, neither of which showed active manifestations of syphilis 

RESULTS or TREATMENT 

After admission to the hospital, the patients were obseived for 
periods of fiom one week to two months During this time they 
were fed a well balanced Chinese diet, chiefly vegetarian, to which were 
added liver, butter and eggs Cod hvei oil was administered daily 
in quantities of 30 cc Each patient also leceived one lemon a day 
In order not to modify the cutaneous lesions, no local medication was 
employed, and baths were lestricted to the minimum lequired for 
cleanliness 

Under this regimen there was rapid improvement m the kerato- 
malacia, although theie was but little lestoration of vision in cases 
of advanced degeneration of the cornea In the cases in which the 
patient was undei dietary treatment for two weeks or more, moisture 
of the skin was definitely increased, and in several visible sweating 
was observed Ulcerative lesions healed promptly and completely The 
keratotic papules decreased in size more slowly, and many of the 
cential cornified plugs were extiuded In the cases in which the 
eiuptive lesions completely disappeaied, delicate ati opine scars, sur- 
lounded by a zone of biownish pigmentation, remained at the folliculai 
orifices Two months w^as the longest period any patient was undei 
observation, wdnch w’^as not sufficient time foi the skin to regain its 

o 

noimal appearance and texture 

Histologic examination of the cutaneous lesions m various stages 
of growTh showed the pathologic piocess to be essentially one of hyper- 
plasia and hyperkeratinization of the epithelium of the epidermis and 
hair follicles, wnth associated metaplasia of the epithelium of many 
of the sw^eat ducts to the keiatinizing type, degeneiation of the glandular 
structures of the skin and infection 

The horny layer was moderately hypertiophied and of homogeneous 
structure The mouths of the haii follicles were gieatly dilated by 
dense masses of homy substance arranged in more or less concentric 
lamellae These either projected from the follicles or were flush with 
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the surface and covered by a continuation of the horny la}er Nuclei 
were not present in any of the cornified cells Coiled atiophic bans 
were found in some of the follicular plugs In the region of the 
hail follicles, and in other areas of epithelial hypeiplasia, there was 
a definite increase not only in the amount of intracellular pigment but 
ill the number of pigment-bearing cells Veiy few chromatophores 
were found in the corium 



Fig 1 Area of skin on the thigh showing follicular papules with projecting 
horny spines and hyperpigmentation , 

The lowei part of the hair follicles was atrophic, and in some places 
the tip was completely severed from the rest of the follicle by rather 
dense connective tissue On the study of serial sections, the detached 
segments weie found to be occasionally cystic and filled with desqua- 
mated epithelial cells Surrounding such follicles, and to a less extent 
those in ivhich the keratosis was minimal, were fairly well circum- 
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scribed aieas of loose reticular tissue containing lymphocytes, fibro- 
blasts and occasional endothelial cells Numerous blood capillaries 
^^ere present m these areas 

In the sections examined no normal pilosebaceous structure was 
seen, and only a few remnants of sebaceous glands were found in the 
midst of the inflammatoiy zones The mouths of many of the sweat 
ducts were dilated and occluded by conical masses of keiatinous mate- 
rial In places the epithelial lining of the upper part of the ducts 



2 Same area as that in figure 1, showing residual pigmentation and scars 
at follicular orifices two months after dietarj therapj'’ was commenced The large 
scar at the lower part of the picture followed a biopsy wound 

was increased in thickness and was desquamating The epithelial cells 
of the tubules were frequently shrunken and irregular, or the lumen 
of the glands ttas dilated and the epithelium greatly?^ compressed 

Pustulation occurred pnmarity m the follicular plugs and from 
there extended into the peiifolhcular tissues The earliest sign of 




FRAZIER-HU—Vn AMIN A DEnCIENC) 


513 


ulceration was found in the walls of the distended han follicles Hem- 
on hage did not occur about the follicle oi elsewhere in the skin 

A compaiison of the changes in the skin of these patients \Mth 
those 111 the eye and related structures in human and expei imental cases 
of keratomalacia is of particular inteiest and offeis stiong presumptne 
evidence of the specific natuie of the cutaneous lesions In keiato- 
malacia, accoidmg to MoiH and others, there is coinification of the 
conjunctival and corneal epithelium and, m the later stages, hypeiplasia 
of the epithelial cells of these structures The keiatinizing piocess 
extends into the ducts of the paia-oculai glands, and the acini may 
undeigo complete disintegration with conversion of the gland into 
a series of cavities lined by stratified epithelium and filled with desqua- 
mated cells There is an accompanying element of infection, which 
in the terminal stages of the process constitutes a major factor in the 
production of corneal disintegration 

In a study of the pathologic changes in lats fed on diets deficient 
in fat-soluble A, Wolhach and Howe ® concluded that the specific 
moibid process is a widespread keratinization and leplacement of many 
different epithelia by stiatified keratinizing epithelium, which they 
observed in vaiious parts of the respiratory and alimentaiy tracts, in 
the eyes and paia-oculai glands and m the genito-uiinary tract They 
weie of the opinion that the loss of secretory function in various glands 
throughout the body and the distinctive changes observed in other 
tissues were due to the mechanical factors consequent to the formation 
and letention of the desquamated epithelial cells 

From the study of the patients observed in Peiping with lespect 
to the sequence in which the various pathologic changes occurred in 
the skin, it appeals that the piimary piocess was an excessive epithelial 
kei atmization, lesulting in the mechanical occlusion of hair follicles and 
sweat ducts, and in secondaiy degeneration of the sebaceous and sweat 
glands Necrosis was a teiminal event piesumably dependent on the 
decieasedAesistance of the tissues to infection 

Cutaneous lesions essentially identical to those of this series of 
cases have been desciibed by Nicolau," Willshire® and otheis as a 
manifestation of scuivy In correlating changes in the tissues with 
deficiency in a specific vitamin it should be remembered that single 
dietaiy faults laiely occur alone, as a diet that is lacking m one factor 

5 Mon, S Primary Changes in the Eyes of Rats Which Result from Defi- 
ciency of Fat-Soluble A in Diet, JAMA 79 197 (July 15) 1922, Bull Johns 
Hopkins Hosp 33 357, 1922 

6 Wolhach, S B , and Howe, PR J Exper Med 42 753, 1925 

7 Nicolau, W Ann de dermat et s\ph 7 399, 1918-1919 

8 Willshire, H Lancet 2 564, 1919 
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IS generally deficient in others It is doubtful whether an uncom- 
plicated deficiency disease ever exists in man, and it is only by carefully 
planned experimental diets that a specific deficiency disease can be 
produced in animals 

In view of such facts, one may question the justification of assum- 
ing any causal relationship between the deficiency of vitamin A in the 
diets of the patients at Peiping and the cutaneous lesions , nevertheless, 
the essential changes in the skin, when compared with those produced 
in experimentally controlled cases of disease due to deficiency in vitamin 
A were of such nature as to suggest their being a pait of this specific 
syndrome rather than of that produced by deficiency in other vitamins 



CALCIUM AND PHOSPHORUS METABOLISM IN 
A CASE OF NONTROPICAL SPRUE WITH 
ASSOCIATED TETANY • 

ALEXANDER MARBLE, MD 
Medical Resident, Massachusetts General Hospital 

AND 

WALTER BAUER, MD 

BOSTON 

During the couise of investigations of vaiious disoideis of calcium 
and phosphorus metabolism, we had the oppoitunity of studying a 
patient with nontropical spiue complicated by tetany The association 
of sprue with tetany is probably not so common as was once supposed 
In reviewing the liteiature, one finds that a number of such cases have 
been leported In some of these reports no mention is made of the 
values of the seium calcium oi seium phosphorus A search of the 
literature failed to reveal any report bearing on the total calcium and 
phosphorus metabolism m this disease syndrome Analysis of the data 
reported m this case shows why the resultant tetany was secondary to 
the long-standing diarrhea and not related to parathyroid deficiency 

REPORT OF CASE 

Htstoiy — A man, aged 39, married, a Jewish physician, was admitted to 
the metabolism ward of the Massachusetts General Hospital on Dec 4, 1928, 
complaining of diarrhea of three years’ duration The family history revealed 
nothing of note The past history showed that for years he had been subject to 
frequent colds and infections of the upper respiratory tract with symptoms 
suggesting chronic bronchitis In late years he had suffered a great deal from 
chronic sinusitis, with occasional, acute flare-ups He had ne\er been out of the 
United States 

The present illness could be traced back as far as eight years before admission 
At this time the patient first noted a slight loss of strength and that he became 
fatigued more readily than normally Owing to worries about his home and the 
demands of a scattered medical practice in Chicago, his habits of living, eating, 
sleeping, etc , were irregular Three and one-half years before admission he 
began to lose weight rapidly, and his weight decreased from a normal ISO pounds 

Submitted for publication, Nov 28, 1930 
* Read before the American Society for Clinical Investigation, May 4, 1931 
■’'From the Medical Clinic of the Massachusetts General Hospital and the 
Department of Medicine of Harvard Medical School 

■’'The expenses of this investigation were aided m part by grants from the 
De Lamar and William W Wellington Alemorial Research Funds of Harvard 
Medical School 
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to about 130 pounds (from 68 to 59 Kg ) During this time, the bowel movements 
\aried from mushy to formed stools 

Three jears prior to admission he suffered from a sudden onset of watery 
diarrhea, with as many as twenty stools a day, which, with remissions, persisted 
until he entered the Massachusetts General Hospital Remissions had been few, 
incomplete and secured only by complete rest, warm weather and a low intake of 
fluids The acute exacerbations of diarrhea were usually preceded by acute 
infections of the upper respiratory tract, chiefly ethmoiditis and maxillary 
sinusitis Throughout the three years he noted a gradually increasing pallor 
of the skin and of the mucous membranes, at times there had been moderate 
edema of the lower extremities For the past year, there had been periods of sore- 
ness of the tongue at the time of the acute exacerbations of diarrhea Four 
months before admission, he suffered from a severe attack of diarrhea following 
ethmoiditis From this time until admission, a new train of symptoms arose, viz , 
tetany', polyuria and perversion of taste and appetite He lost weight steadily and 
became progressively weaker and more emaciated Prior to his stay m this 
hospital he had been observed in Chicago at the Michael Reese, the North Chicago, 
the Washington Boulevard, the Presbyterian and the Billings Memorial Hospitals 
At the Presbvterian Hospital, he was under the care of Dr Wilbur E Post from 
Nov 29 to Dec 19, 1927 At this time (a year before we saw him) his stools 
were watery', acid or neutral in reaction, and contained no blood and very little 
mucus A yeasthke organism was found in both the sputum and the stools 
The course of the disease was febrile, with cough, sputum and pleuritic pains in 
the right side of the chest Roentgenograms of the chest suggested a marked 
degree of bronchiectasis at the base of each lung 

About SIX weeks after his discharge from the Presbyterian Hospital, he 
entered the Billings Memorial Hospital, where from Jan 28 to Feb 14, 1928, he 
was on the service of Dr Walter L Palmer Recorded data at this institution 
included weight, 83 pounds (37 6 Kg), essentially normal temperature, normal 
urine and 3,280,000 erythrocy'tes per cubic millimeter On examinations the sputum 
did not show tubercle bacilli Roentgenograms of the chest showed fibrosis of 
the right lung, representing “a healed pyogenic process, either an old pneumonia 
or bronchopneumonia, or an old interlobar pleurisy' ” A series of roentgenograms 
of the gastro-intestinal tract did not show any abnormality After discharge, the 
patient failed to return to the Bilhngs Memorial Hospital for follow-up studv 
until October, 1928 At this time, though he was stronger and heavier, occasional 
carpopedal spasms had developed Studies of the blood showed the serum calcium 
to be 5 7 mg per hundred cubic centimeters During the administration of 
Colhps’ parath-s roid extract and calcium lactate, the value rose to a level of 7 8 
mg per hundred cubic centimeters The diagnosis at the time of the patient’s 
discharge from the hospital was probable nontropical sprue 

Physical Eiammation — At the time of entrance to the Massachusetts General 
Hospital, physical examination showed a pale, emaciated man of slight build, 
\\ eighmg 33 Kg , with sunken eyes, a dry and inelastic skin, a negative Chvostek’s 
sign, a positive Trousseau’s sign and occasional carpopedal spasms The tongue 
protruded in the midline It was smooth, with red, raw-appearing edges Most 
of the teeth were missing, and those that remained were carious Examination of 
the chest showed limited expansion of the right lung with diminished excursion 
of the diaphragm on the right side There were occasional crepitant rales at the 
base of both lungs, but friction rubs were not heard There was slight pitting 
edema about both ankles 
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Laboratory studies showed red blood cells, 2,260,000 white blood cells, 17,300, 
and hemoglobin (Tallquist), 50 per cent, a blood smear evamination was normal 
except for slight achromia of the red blood corpuscles The latter w-ere found to be 
normal m si 7 e, a\eragmg 7 8 microns (median figure) in diameter, none was 
nucleated or stippled The urine showed a slight trace of albumin, but nothing 
else that w^as abnormal The bow'el mo\ements averaged four a day at first, the 
stools w'ere usually large, light browm, watery or mushy, and were acid m reaction 
There W'as a definite odor of yeast Microscopically, there was an excess of 
neutral fat and fatty acid crystals and a moderate number of undigested muscle 
fibers The guaiac test at times gave a moderately positive reaction and at other 
times, a negative reaction Bacteriologic study of the stools revealed, m addition 
to yeasthke organisms, a growth of B colt Direct smear showed that from 20 
to 30 per cent of all of the organisms were yeasts On January 30, the total fat 
content of the w^et stool was 9 38 per cent The pancreatic ferments w^ere deter- 
mined by a study of the duodenal juice, though the proteolytic and amylolytic 
enzymes W'ere found to be normal, lipolytic enzyme activity'^ could not be demon- 
strated The method of McClure and his associates ^ w'as used for the estimation 
of the activity of the pancreatic ferments The results of a gastric analysis. 


Table 1 — Gastiic Analysts Aftct Seveial Weeks of Ttealmeitf zmth Ltvei 



Fasting 

15 Minutes 
After 

Test Meal*' 

30 Minutes 
After 

Test Meal 

45 Minutes 
After 

Test Meal 

Pree hydrochloric acid 

0 

00 

0 

0 

Total acidt 

4 

70 

9 

10 

Chlorides} 

41 

S2 3 

4S 



* Tlip test meal consisted of 100 cc of 7 per cent alcohol l cc (0 5 mg ) of ergaminc acid 
phosphate Mas administered suhcutaneously at the same time 

t Acidity IS expressed in cubic centimeters of tenth normal acid per hundred cubic centi 
meters of gastric contents 

t Chlorides are expressed as cubic centimeters of tenth normal per hundred cubic centi 
meters of gastric contents 

performed on March 15 (several w'eeks after there had been improvement through 
liver therapy), are given m table 1 

Chemical studies of the blood showed sugar during fasting, 88 mg , non- 
proteni nitrogen, 26 mg , total protein, 594 Gm per hundred cubic centimeters, 
and an icteric index of 3 On the morning after admission, the serum calcium 
w^as 6 7 mg and the serum phosphorus 1 28 mg per hundred cubic centimeters 
The sputum, at times moderately abundant, was y^ellowish, tenacious and blood- 
streaked Microscopic examination showed many pus cells and bacteria of various 
types, but no yeasthke forms or tubercle bacilli w^ere found Culture of the 
sputum showed the predominant organisms to be pneumococci 

Roentgen studies show^ed a diminution of lime salts m the bones, maxillary 
sinuses that w'ere less radiant than normal and changes in the chest W'hich sug- 
gested “encapsulated fluid, probably interlobar on the right side and a chronic 
pathological process at the right base ” 

Cotitse — At the time of entry the patient was seriously ill and difficult to 
manage, therefore, the diet was not kept so constant as in our previous metabolism 

1 McClure, C \V , Wetmore, A S, and Reynolds, L New' Methods for 
Estimating Enzvmatic Activities of Duodenal Contents of Normal klan. Arch 
Int Aled 27 706 (Tune) 1921 
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studies- Because of this difficultj, the diet was ordered “as desired,” but in 
general it \ias semisohd low in fat and high in calcium, phosphorus, protein and 
Mtamins It included a large amount of milk (from 800 to 2,000 cc a dav) The 
intake of calcium per dai' varied from 06 to 4 3 Gm The ratio of calcium to 
phosphorus m the diet laried from 1 1 to 1 2 1 The intake of fluid varied from 
1 9 to 3 8 liters, while the urinar 3 ’^ output varied from 1 15 to 2 15 liters per da} 

Six dajs after admission, the administration of Iner extract (Lill}" no 343) 
was begun in doses of 6 vials a daj After tiventj'-four days, the dose w'as 
reduced to 3 \ials a daj and ivas so continued until February 16 From this time 
until late m the summer of 1929, the patient did not receive Iner extract, but 
during this period a small amount of fresh liver was included in the diet The 



Fig 1 — Roentgenogram of the patient’s hand (right) as compared ivith that 
of a normal person (left) Note the generalized decalcification 

administration of iron bi moutb was begun on Januarj 2, and increased there- 
after, so that from January 24 he recened 24 grams (1 56 Gm ) of reduced iron 
a da}, and, except for occasional periods, he had continued to take large doses 
of iron 

The most striking index of improiement is to be seen m the curve for body 
weight (fig 2) Starting at a level of 32 6 Kg on December 4, there w’as a 
precipitous rise to the lei el of 49 8 Kg on Januar} 24 Then follow'ed a period 

2 Albright, F , and Bauer, W The Action of Sodium Chloride, Ammonium 
Chloride, and Sodium Bicarbonate on the Total Acid-Base Balance of a Case 
ot Chronic Nephritis with Edema, J Clin Investigation 7 465 (Aug) 1929 
kIcClure, Wetmore and Re}nolds (footnote 1) 
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in \\Inch there \\as a loss of weight due to a flare-up in the condition of the chest 
Following this there was again a consistent rise until the patient’s discharge on 
March 20, at which time the weight was 50 4 Kg This continued in the month 
following discharge, so that when the patient was seen on April 20, his weight 
was 61 4 Kg 

Coincident wnth this gain in weight, impro%ement was e\ident in other respects 
The diarrhea gradually decreased in seventy, so that after the patient had been 
in the hospital for tw'O w-eeks, he had onh one or two bow'el mo\ements a daj 
(though the character of the stools changed very little) Further freauency of 
bow'el movements w'as not noted during his stay m the hospital, except for short 
exacerbations from Februar}' 11 to Februar} 16, and on March 19 and 20, the 
date of discharge 



Fig 2 — Chart showing the response of the serum calcium, serum phosphorus, 
erithrocyte count, hemoglobin and bod}'- weight to treatment 

It is noteworthy that despite the administration of 6 \ials of Iner extract 
from December 11 to January 4, during that time the er\throc\tes rose onh from 
2,260,000 to 2,570,000 per cubic millimeter, and the hemoglobin from 50 to 60 per 
cent Our data regarding the reticulocxte count during liver therapx are too 
incomplete to report By February 21, the er 3 dhroc\tes and hemoglobin reached 
a lex el of 3,500,000 and 70 per cent respectively, and for some xveeks could not 
be raised further despite the administration of hxer extract and large doses of 
iron Howexer, on Julx 10, 1929, the erjthrocxte count was found to be 4,490,000 
and the hemoglobin, 90 per cent The normal mean diameter of the red cells 
and the lack of prompt response to treatment with hxer extract would place this 
patient’s anemia definitely m the nonmegaloblastic or secondar} txpe In Ash- 
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ford’s experience, this is unusual , in a recent report,'® he stated that “in this series 
of anemia sixteen cases ha\e developed during the course of sprue, all but one 
of these uere megaloblastic in tjpe ’ 

Changes in the calcium and phosphorus metabohsm uill be discussed in detail 
later m the paper 

On Februarj 3, urinal} sis did not reveal abnormalities 

Further comment should be made on the course of the thoracic condition On 
Januarr 20, there was a rise in temperature to 101 F From this time until the 
condition was relie\ed a few' days later, a septic temperature continued, reaching 
as high as 104 5 F at times On Januar}' 30, roentgenograms show'ed a fairly 
large, encapsulated accumulation of fluid m the lower right interlobar septum, 
and exploratory puncture w'as performed Thick, 3'ellow'ish-green pus containing 
pneumococci was obtained On February 2 resection of a rib yvas performed by 

T \BLE 2 — Snmm'ny of the Condition of the Blood Afici tlu Patient’s Dischaige 



Ervthrocj tes, 


Medication per Day 



Millions per 


A 




Cubic 

Liyer Exertact, Reduced Iron. 

Date 

Millimeter 

Hemoglobin* 

^ lal 

Grams 

Comment 

1929 






Julv 22 

4 49 14 Gm per 100 cc 



Doing yvell 

Sept 15 



1 

30 

‘ Health excellent” 

Dec 10 

2 77 

507<, 

1 

30 

Occasional transient 






diarrhea 

Dec 15 (about) 

3 j6 

60% 

1 

30 

Occasional transient 






diarrhea 

Dec IS 



2 

30 


1930 






Tan 3 

3 6S 

607o 

2 

30 

No diarrhea 

Jan 16 

4 07 

757o 

2 

SO 

No diarrhea 

Feb 4 

4 13 

05% 

2 

30 

No diarrhea 

Feb 21 

4 50 

70% 

2 

30 

No diarrhea 

March 7 

4 30 


2 

30 

No diarrhea 

March 14 

4 S3 


2 

30 

No diarrhea 

M irch 25 (about) 



2 

30 

Appendectomy 

Ipril 0 

4 20 


h%er for 

30 

No diarrhea 


three yveehs 


May 31 

4 71 

83% 

■tmount unknoyvn 

“Feeling very well (ex 




(changed to 

Armour’s 

cept for numbness and 
tingling of fingers for 




liquid liy er 

10 days), appetite 




extract) 

very good, bowels in 
excellent shape, lungs 
not so good as I still 
have a marked 
bronchiectasis” 


' the Talkiu ct scale yya® employed in dotcmin ng the y alucs tor heinoglob n 

Or Arthur \\ -Mien, and on Februarj' 5, incision and drainage yvere carried out 
rolloyying this daily saline irrigations of the cay'ity through a small rubber 
catheter yyere instituted The cay'itj graduallj healed, so that the drainage tube 
yyas remoyed on March 16 

Since discharge from the hospital on March 20, 1929, the patient had reported 
by letter at frequent mteryals In general, he had done yvell He had remained 
on a diet loyy in fat moderate in carbohjdrate and high m protein, yvith as much 
fruit and yegetables as possible He had resumed the practice of medicine but 
lad limited his actnity His medication had consisted of hy'er extract, and (for 
most of the time) 30 grams (195 Gm ) of reduced iron a day He found that 
1 -yial of Iner extract a day yyas insulficient but that 2 y'lals yyere adequate to 
control the diarrhea A summarj' of the obseryations on the blood is given 
in table 2 


3 Ashford, B K The Anemias of Sprue Their Nature and Treatment, 
Arch Int lyled 45 647 (Alay) 1930 
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METABOLISM STL DIES 

The methods used in the metabolism waid and ni the chemical 
laboratoi} weie those outlined m a previous papei except that the 
excreta were collected m six da) rathei than thiee da} periods as had 
been our custom m other studies Calcium was detei mined b} the 
method of Fiske/’ phosphorus b} that of Fiske and Subbaiow.*’ total base 
by that of Fiske" and total nitrogen by the macio-Kjeldahl method 

Calcium and Plwsphonis Metabolism — In table 3 and figuies 3 
and 4 are given the data of the calcium, phosphoitis and nitrogen balanc'^ 
and of the seium calcium and phosphorus 

One notes that this patient’s diet was adequate” in lespect to both 
calcium and phosphoius during peiiod I (six days), yet the calcium 
and phosphorus balances weie only slightly positive The fecal values 
were appioximately those of the intake m each instance (the intake of 
phosphoius was 4 48 Gm and the fecal phosphoius, 4 07 Gm , wheieas 
the intake of calcium was 3 72 Gm , and the fecal calcium, 3 59 Gm ) 
it IS shown that the urinary values weie extiemely low, the uiinaiy 
phosphorus being 0 21 and the tiiinai} calcium 0 07 Gm Fecal lalues 
of this magnitude must be intei preted as indicating difficulty in intes- 
tinal absorption The low urinai} values can easily be accounted for 
because of the existing low values foi seium calcium and phosphoius 
It has been well demonstiated that the seium calcium vanes as the 
seium piotein vanes’-” The loweied seium piotein m this case would 
account foi only a small part of the total reduction in the seium calcium 

The following obsei rations enabled us to dififei entiate this case of 
tetany fiom one due to parathyroid deficiency a low ^alue for serum 
calcium (6 7 mg) and seium phosphorus (128 mg pei hundred cub’c 
centimeteis) , inci eased excretion of fecal calcium and phosphorus, 
deci eased excietion of urinaiy calcium and phosphorus and decreased 

4 Bauer, W , and Aub, J C Studies of Inorganic Salt Metabolism I The 
Ward Routine and Methods, J Am Dietet A 3 106 (Sept) 1927 

5 Fiske C H Method for Calcium Determination (unpublished) 

6 Fiske, C H , and Subbarow Y The Colorimetric Determination of Phos- 
phorus, J Biol Chem 66 375 (Dec ) 1925 

7 Fiske, C H A Method for the Estimation of Total Base in Urine, J 
Biol Chem 51 55 (March) 1922 

8 Hawk, P B , and Bergeim O Practical Physiological Chemistrj , Phila- 
delphia, P Blakiston s Son and Company, 1926, pp 711 and 713 

9 Ashford B K and Hernandez, L G Blood-Serum Calcium m Sprue 
and Other Pathologic States in the Tropics, Am J M Sc 171 575 (April) 1926 

10 Sahesen, H A and Linder, G C Obser\ations on the Inorganic Bases 
and Phosphates in Relation to the Protein of Blood and Other Bodi Fluids m 
Bright s Disease and in Heart Failure, J Biol Chem 58 617, 1923 Peters, J P 
and Eiserson L The Influence of Protein and Inorganic Phosphorus on Serum 
Calcium, J Biol Chem 84 155 (Oct) 1929 Albright and Bauer (footnote 2) 
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density of bone as determined by loentgen examination Hypoparathy- 
roidism, on the other hand, is characterized by a low value for serum 
calcium, a high value for serum phosphorus, normal excretion of fecal 
calcium and phosphorus, decreased excietion of urinary calcium and 
phosphoius and normal density of bone Therefore, the metabolism 
data from period I enabled us to state definitely that the tetany in this 
case was not due to parathyroid deficiency 


Taelf 3— Results of Studies of Phosphorus, 
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11 5 

69 

150 

5 32 

7 

14 

12 46 

1101 

— 0 85 

+ 1 90 

0 75 

8 44 

919 

12 70 

+ 3 57 


During period II and throughout the lemainder of the study, the 
patient was given liver extract, 6 vials a day fiom peiiods 11 to V, and 
3 vials a day from periods VI to X The clinical improvement that was 
seen coincident with the administration of liver extract and later with 
the administration of laige doses of inorganic iron (from peiiods VI 
to X) has alread}'' been commented on in the case repoit 

Parallel with this improvement in well-being, striking changes 
occurred in the calcium and phosphorus metabolism With the admin- 
istration of liver extract, the dianhea improved As a result of such 
improvement, the excretion of fecal calcium and phosphorus was greatly 
reduced (relative to the intake) and the urinary calcium and phosphoius 
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rose, though to a less extent (periods 11 and III, table 3 and figs 3 
and 4) The net result of these changes \\as a gieat letention of both 
calcium and phosphorus, as evidenced by total phosphorus balances of 
+ 5 45 Gm and + 803 Gm and total calcium balances of +5 31 Gm 
and + 8 36 Gm duiing periods II and III lespectivel} At the same 
time, the seium calcium rose from 6 7 to 8 2 Mg pei hundred cubic 
centimeters (seventh day of therapy) The serum phosphouis lose 

Calcium and NiUogen Metabohsms 




Nitrogen 




IJlood 

A 

Scrum 


Bodj IVciKht 



,2 

'd 

O 


Trcntincnt 


/ 

Output 

A 



q 

u 

t 

In Mk 
/— 

per 100 Cc 

A 

W 




tr 

*81 

o 

c 

cr 

,r" 

U 

C3 . 

cS 

o*n 




g 

O 

o 




Cfl 




rs 

o 

3 

Ui c, 

cr, 

HO 

o 

C 

o 

cS 

O 

cT 

e 

O 


H 

O 

p 




o 

o 

pa 

o 

"S: 

.H O 

ftO 


d 

oT 

Q 

o 

rJl 

C3 

c 

C3 

o 

c, 

3 

c, 

CO 

O 

? 

O 

O 

til 

a 

c 

pa 

CJ 

£ 

o 

S 

> a 

GJ S 

£ 


Eh 

a 

pa 


O 

6 

s 


ft 

+ 

ft 

pa 



fti5 

paa^CS 







1928 




1928 


1928 






11 2 

15 4 

24 0 

33 0 

+ 84 

9,GS3 

Dec 5 

07 

128 

124 

Dec 5 

33 2 

Dec C 

2 20 

17 3 

50 

Is one 









9 

32 4 







14 2 

14 2 

23 5 

04 4 

+25 0 

12,143 

11 

8 2 

4 15 


10 

33 7 





0 


30 4 

11 1 

41 5 

103 5 

+02 0 

18,533 

18 

82 

2 2") 


22 

37 8 





0 


30 0 

30 

,0 0 

133 8 

+94 2 

22,579 





28 

41 0 





0 


41 3 

7 1 

48 4 

120 1 

+80 7 

21,477 

20 

5 5 

CO 








0 







1929 




1920 


1929 






15 0 

10 0 

00 5 

158 5 

+92 0 

20 990 

Jan 8 

75 

3 74 


Tan 3 

41 8 

Jan 4 

2 57 

18 7 

GO 

3 

3 01 

82 4 

5 ■) 

87 0 

1021 

+74 2 

28,371 





10 

13 8 





r> 

O 

014 

101 7 

0 5 

103 2 

180 3 

+721 

30,993 





17 

47 5 





n 

> 

0 14 

08 7 

20 

101 6 

158 7 

+571 

25,710 





24 

49 7 

23 

3 30 

15 9 

72 

«] 

8 19 

77 0 

3 2 

80 2 

80 2 

+ GO 

10,377 











n 

ti 

9 22 







■Fel) 12 

89 

4 30 

144 

Beb 19 

45 4 

rcb 21 

3 50 

12 0 

G") 








March 20 

10 2 

4 57 

153 

March 2 

49 0 March 20 

3 50 

98 

70 













12 

49 8 , 

April 20 

3 43 

15 7 

7'5 













17 

51 0 

Julv 10 

4 49 

08 

90 













April 20 

01 4 








from 1 28 to 4 15 mg (seventh da} of therapy), but had fallen to 2 25 
mg by the fouiteenth day The fall in the seium phosphouis on the 
fouiteenth da\ of theiapy was likel} i elated to the niaiked gam m 
weight (4 Ivg ) ]\Iuch of the phosphorus letamed vas probabh used 
to lestore the phosphorus content of the replaced interstitial fluid as 
well as m the building of active protoplasm (see fixed base metabolism) 
That this gam m weight of 4 Kg was due large!} to the lestoiation of 
water pieMOush lost is evidenced by the fact that the retention of 
nitiogen itself was not sufficient to account foi the gam m u eight 

In periods IV, V and VI the preMously noted increased absoiption 
of calcium and phosphorus from the gastro-mtestmal tract continued 


Grams of Phosphorus Excretion and Intake (+) 



Figure 3 Figure 4 


Fig 3 — Graphic representation of phosphorus metabolism, the data for which 
are given in table 3 

Fig 4 — Graphic representation of calcium metabolism, the data for which 
are given in table 3 
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However, the excretions of urinary phosphorus and calcium ucre much 
lower than they had been in peiiods II and III Duiing peiiod V, the 
excretion of urinary phosphorus was so low that it could not be esti- 
mated by the method employed Duiing the same period, the uiinary 
calcium was 0 060 Gm , or 10 mg per day Interestingly, during this 
period, the values for the serum calcium and phosphorus wei e very low 
(the serum calcium being 5 5 mg and the serum phosphoius 1 83 mg 
per hundred cubic centimeteis) In period VI, the urinaiy phosphoius 
was iiici eased (0 27 Gm ), but the urinaiy calcium remained low (0 05 
Gm ) , appi oximately 8 mg a da}'- However, the serum calcium 
increased to 7 5 mg, and the serum phosphoius to 3 74 mg Despite 
these low values for the uiine and serum, a large amount of calcium 
and phosphorus was retained duiing periods IV, V and VI For 
example, during period VI, the balance of phosphorus was positive to 
the extent of 14 68 Gm and the balance of calcium to the extent of 
16 4 Gm 

In period V, the low value foi serum calcium and the further reduc- 
tion of the serum phosphorus were probably the result of the deposition 
of calcium and phosphorus m bone and the establishment of the normal 
concentration of these substances in the interstitial fluid Once the latter 
w'as accomplished, the increased retention of calcium and phosphorus 
was reflected m the blood, with elevation of both the serum calcium 
and phosphorus (period VI, during w^hich the serum calcium was 7 5 
mg and the serum phosphorus was 3 75 mg per hundred cubic centi- 
meters ) 

Period VI H represents an advance tow'ard the normal state, with 
continued high calcium and phosphorus balances In period IX, there 
w'as an increase m the fecal calcium and phosphorus , this is accounted 
for by an increase m the intestinal rate (note the increase in the weight 
of the feces, table 3) This was present to some extent m peiiod X, 
as IS show'll by the high excretion of fecal calcium and phosphorus 
(lelative to the intake) The gradually increased excretion of urinary 
phosphorus and decreasing positive nitrogen balance were the result of 
the increased destruction of protein associated w'lth the mtei lobar 
empyema and hypei pyrexia The loss of w'eight during this period is 
further evidence of the iiici eased destruction of protein 

Mefabohsm of Fixed Base — On the first day of period I, the serum 
total base w'as found to be 124 mg per hundred cubic centimeters (this 
deteimination was done m duplicate, and the tw'O results checked 
extremely w'ell) We believe that this is as low a serum total base as 
has e\er been repoited This value foi serum total base w'as consistent 
W'lth the severe dehydration present on the patient’s entrance to the 
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hospital Other \voikers“ have adequately demonstrated that severe 
dehydiation associated with diarrhea is due to a loss of water and 
electrolytes fiom the intercellular fluid This loss of water and electro- 
lytes IS not reflected in the blood plasma until the intercellular fluid 
has been almost depleted If the diarrhea continues sufficiently long, an 
actual reduction m the plasma electrolytes results and the volume of 
plasma may be reduced one-third (Detailed studies of this nature 
were not undertaken because the patient was so acutely ill ) It is 
interesting that with the improvement of the diarrhea a rapid gam in 
weight resulted This gam m weight during periods II to VI was far 
greater than could ever be accounted for by the increased positive 
nitrogen balance It must thei efore be interpreted as due to the replace- 
ment of the water and electrolytes of the plasma and intercellular fluid 
This replacement was secondary to the more complete absorption and 


Table 4 — Companson of Actval and Calcnlafed Pho'^phoj us Balances 
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I 

0 020 

0 48 

+ 0 51 

+ 0 21 

II 

2 olO 

1 49 

+ 3 80 

+ 5 45 

III 

3 030 

3 57 

+ 7 20 

+ 8 03 

IV 

0 200 

5 41 

+11 61 

+15 51 

V 

4 730 

4 64 

+ 9 37 

+11 13 

VI 

7 100 

5 29 

+12 44 

+14 08 

VII 

5 3S0 

4 20 

+ 9 04 

+11 93 

VIII 

7 200 

4 14 

+11 43 

+14 21 

IX 

1 8S0 

3 28 

+ 510 

+ 122 

X 

1 570 

0 35 

+ 1 00 

— 0 85 

the decreased 

excretion which 

followed the 

restoi ation 

of a normal 


intestinal rate With these resultant changes, the serum total base 
gradually approached normal 

Compauson of the Actual and Caladafed Phosphariis Balances — 
In table 4 the data on the phosphorus balances are presented in a form 
which makes possible the comparison of the “theoretical” or calculated 
phosphorus balance with the actual oi determined phosphorus balance 
The method employed in making such calculations has previously been 
1 eported 

The results show that the actual and calculated phosphorus balance 
in period I agree very well From here on one notes that less phosphorus 

11 Hartman, A F Chemical Changes Occurring in the Body as the Result 
of Certain Diseases, Am J Dis Child 35 557 (April) 1928 Salvesen and 
Linder (footnote 10, first reference) 

12 Albright, F , Bauer, W , Ropes, M , and Aub, J C Studies of Calcium 
and Phosphorus Metabolism IV The Effect of the Parathyroid Hormone,- J 
Clin Investigation 7 139 (April) 1929 
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IS cxcicted than was expected according to the calculated phosfihoius 
balance These differences can probalily be accounted for by the replace- 
ment of intei stitial fluid substances In peiiod IX, the inci eased intestinal 
late resulted in a greater excretion of phosphorus than would have 
been expected from the calculated balance The peiiod X, the actual 
phosphorus balance was negative, whereas the theoietical phosiihorus 
balance was positne This diffeience was due to the increased destiuc- 
tion of piotem 

NPiogcii Mclahohsm — Peiiod I (table 3) shows that nitiogen bal- 
ance was barely present, (+84 Gm ) befoie theiapy was started 
Subsequent to the improvement in the dianhea, the positive nitrogen 
balances increased, reaching + 94 2 Gm in period IV With a tendency 
of the diarrhea to return, added to the increased destruction of piotein, 
the positive nitrogen balance decreased, so that in period X it nas 
only +62 Gm 

COMMCNT 

A consideration of the symptoms, clinical course and laboratoiy 
studies as outlined leaves little doubt as to the correctness of the diag- 
nosis The history of recurring attacks of dianhea, sore tongue, anemia, 
extieme cachexia and irritability, together with the large, bulky, watery, 
foamy, light-colored stools, possessing a chaiacteiistic yeasty odor, is in 
accord with the clinical pictuie of sprue, even though the patient had 
always lived in the northern part of the United States It i'^ somewhat 
difficult to formulate possible causative factois m this case, although 
the patient’s piesent unusual dietary \\hims suggest a piobably unbal- 
anced and deficient diet m the past His developmental state suggests 
that constitutionally his lesistance to any chionic disease had probably 
always been low 

Although 111 most repoits tetany^ is not stressed as a complication 
of sprue, a review of the literature reveals a numbei of such cases 
Fiequently, note is made of the occurrence of ciamps in the extiemities, 
some of these reports undoubtedly represent instances of tetany, 
although uniecognized as such by the examiner In 1913, Cantlie^'^ 
mentioned having seen six cases of tetany'^ with generalized spasms and 
maiked anemia in patients with sprue of long duiation Pie considered 
that “these attacks do not imply a fatal issue to the malady ” He did 
not, however, report values for blood calcium Plarnson saw one 
case of sprue with maiked tetany' In 1919, Bassett-Smith reported 

13 Canthe, J Some Recent Observations on Sprue, Bnt M J 2 196 
(Xo\ 15) 1913 

14 Harrison, W S, in discussion on Canthe, Bnt M J 2 1296, 1913 

15 Basselt-Sinith, P W A Case of Sprue Associated with Tetain, Gincct 
1 178 (Feb 1) 1919 
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a case of tropical sprue complicated by tetany in the terminal stage 
of the disease Values for blood calcium weie not lecoided Bovaird 
repoi ted two cases of sprue with tetany, one of which had been described 
by Barach and Muiray ” One of Bovaird’s patients had a serum calcium 
which varied fiom 6 5 to 8 mg pei hundred cubic centimeters , the othei 
had values fiom 6 6 to 7 mg 

In 1923, Blumgart^® leported three fatal adult cases m which there 
was gradual progressive weakness and emaciation ovei a period of 
months, with loose, fatty, bowel movements, achlorhydria and anemia 
Two of the thiee cases exhibited tetany, and in one values for serum 
calcium of 5 3 mg and foi phosphorus of 2 6 mg per hundred cubic 
centimeters were recorded In all three cases, postmoitem examination 
showed collections of fat-laden phagocytes in the mesenteric lymph 
nodes and the mucosa of the small intestine Blumgart did not regard 
his cases as characteristic of spiue 

In 1923, Scott repoi ted tetany m a case of sprue and mentioned 
having seen this complication m many other cases He observed impi ove- 
ment in such cases with the use of calcium lactate and parathyroid 
extract by mouth and believed that paiathyroid deficiency was intimately 
concerned with the lowered values for serum calcium and the tetany 
All figures foi “total” serum calcium quoted in Scott’s paper, however, 
aie normal values, his distinction between fiee and combined calcium 
is not justified in the light of present knowledge 

One of Jamieson’s patients had tetany, as did the one m Thay- 
sen’s senes, case 8 Neithei obser\er reported values foi serum 
calcium 

In 1926, in Poito Rico, Ashfoid and Hernandez ^ leported the lesults 
of a stud}^ of the seium calcium in spiue and in othei chronic diseases 
In one group of twenty-eight cases, they found values langing from 
7 2 to 10 8 mg , with fifteen instances of a value below 9 mg (the 
aveiage value given by them foi noimal healthy controls was 9 6 mg 
per hundred cubic centimeters) However, critical study of their figuies 

16 Bovaird, D A Study of Tropical Sprue, or Psilosis, J A M A 77 753 
(Sept 3) 1921 

17 Barach, A L, and Murra}’-, H A, Jr Tetany m a Case of Sprue, J A 
M A 74 786 (March 20) 1920 

18 Blumgart, H L Three Fatal Adult Cases of Malabsorption of Fat 
With Emaciation and Anemia, and in Tuo Acidosis and Tetanv, Arch Int Med 
32 113 (July) 1923 

19 Scott, H H The Nature and Treatment of Sprue, Brit M J 2 1135 
(Dec 15) 1923 

20 Jamieson, T H The Ireatment of Sprue, Brit M J 2 462 (Sept 15) 
1923 

21 Thaysen, TEH Ueber Fettdiarrhoen III Die Klinik der nicht- 
tropischen Sprue, Acta med Scandinav 64 352 (Sept) 1926 
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reveals that little con elation existed between the clinical seventy of 
the disease and the level of the serum calcium Indeed, in one series 
of fifty-five cases, five of the eight “mild” cases and four of the six 
'moderately seveie” cases had values for serum calcium below 9 mg, 
while only seven of the t^^ent3-one “seveie” cases and only nine of the 
nineteen cases with cachexia had values for calcium below 9 mg 
Fuither, they found that low v’-alues for serum calcium were obtained 
in conditions of malnutrition other than sprue (mention is not made 
of the concentration of the serum protein Determinations of the 
serum phosphorus were not made in any of their cases They, as well 
as Scott,^” questioned whether or not in sprue or in the other conditions 
studied parathyroid deficienc} might be considered as the basis of the 
low values obtained 

Baumgartner and Smith,-- m a stud)^ of fifteen cases of sprue, found 
eight patients with v^alues for seium calcium below 9 mg per hundred 
cubic centimenters , three of them sho\\ed positiv^e Chvostek and Trous- 
seau signs 

More recentl)'-. Holmes and Stan reported a series of five cases 
in which the clinical course bore a striking similarity to the one out- 
lined in this paper All of their patients had low values foi serum 
calcium, and at one time or another four of the fiv^e had activ’-e tetany 
The authors obtained great improvement with the administration of 
calcium lactate and Colhp’s parathyroid extract 

A rise 111 the serum calcium and relief from tetany were experi- 
enced by our patient when Colhp’s parathormone i\as administered 
Howev'-er, the fact that tetany associated with sprue is benefited by the 
administration of an active parath^^roid extract is anything but proof 
that either the sprue or the tetany is related to paiathyroid deficiency 
The elevation of the serum calcium following the administration of a 
potent parathyroid extract is due to the ability of this agent to mobilize 
calcium and phosphorus from bone This indicates that parathyroid 
extract should be used only as a temporal y expedient to alleviate the 
tetam Diarrhea is not a symptom of parath3roid deficienc3^ Para- 
thyroid deficiency, as has been stated before, is characterized b3'’ a low 
value for serum calcium, a high value for serum phosphorus, noimal 
excretion of fecal calcium and phosphorus, decreased excretion of 
urinaiy calcium and phosphorus and normal densit3’- of bone Cases 
of tetany such as the one repotted aie characterized by a low value 
for seium calcium, a low value for serum phosphorus, increased excre- 

22 Baumgartner, E A, and Smith, G D Pernicious Anem a and Tropical 
Sprue, Arch Int Med 40 203 (Aug ) 1927 

23 Holmes, W H, and Starr, P A Nutritional Disturbance in Adults 
Resembling Celiac Disease and Sprue Emaciation Anemia, Tetany, Chronic 
Diarrhea and iSIalabsorption of Fat J A M A 92 975 (ITarch 23) 1929 
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tion of fecal calcium and phosphorus, decreased excretion of urinary 
calcium and phosphorus and decreased density of bone Tetany is a 
syndrome and not a disease entity Its causes are many Parathyroid 
deficiency is only one of the many conditions that pioduce tetaii} 
Any condition that hinders the absorption of calcium and phosphorus 
from the gastro-mtestinal tract in the amounts necessary to meet the 
requirements of the body might eventually result in tetany Some of 
these conditions are (1) dietaiy insufficiency of either calcium or 
phosphorus, (2) deficiency in vitamin D,^® (3) diets containing a great 
excess of calcium over phosphorus, or vice versa,-® (4) long-standing 
dial rhea,-' (5) any disease hindering absorption fiom the gastro- 
intestinal tract,^® (6) long-standing biliary oi intestinal fistulas and 
(7) excessive excretion of fat®® 

If any of these conditions persisted, the patient would eventually 
suffer from deficiency m calcium If the deficiency in calcium remained 
uncorrected, tetany would ultimately develop The calcium and phos- 
phorus stored in the bone would suffice for the needs of the body for 
a time, thus preventing the earlier onset of tetany 

The patient in the case lepoited had suffered from dianhea for 
three years, and intermittently during the preceding five years He had 

24 Maxwell, J P Osteomalacia in China, J Obst & Gyniec Bnt Emp 
32 1, 1925 Hess, A F , and Lewis, J M Clinical Experience with Irradiated 
Ergosterol, J A M A 91 783 (Sept 15) 1928 Hess, A F Rickets Including 
Osteomalacia and Tetany, Philadelphia, Lea & Febiger, 1929 

25 Steenbock H , and Nelson, M T Fat-Soluble Vitamins XIX Induc- 
tion of Calcifying Properties in a Rickets-Producing Ration by Radiant Energy, 
J Biol Chem 62 209, 1924 Hess and Lewis (footnote 24, second reference) 

26 Karelitz, S , and Shohl, A T Rickets in Rats II The Effect of Phos- 
phate Added to the Diet of Ricketic Rats', J Biol Chem 73 665 (June) 1927 
Orr, W J , Holt, L E , Jr , Wilkins, L, and 'Boone, F H The Relation of 
Calcium and Phosphorus m the Diet to the Absorption of These Elements from 
the Intestine Am J Dis Child 28 574 (Nov ) 1924 

27 Linder G C , and Harris, C F Calcium and Phosphorus Metabolism 
in Chronic Diarrhea with Tetany, Quart J Med 23 195 (Jan ) 1930 

28 Parsons, L G Bone Changes in Renal and Celiac Infantilism, Arch Dis 
Child 2 1 (Feb ) and 198 (Aug ) 1927 

29 Tammann, H Ueber die Beemflussung der porotischen Osteomalazie 
nach Gallenfistel durch das D-Vitamin, Beitr z klin Chir 142 83, 1928 Dieter- 
ich, H Die porotische Malazie nach Gallenfisteln, Beitr z klin Chir 134 530, 
1925 Seifert, E Zur Frage der porotischen Malazie nach Gallenfisteln, Beitr 
z kiln Chir 136 496, 1926 Duttmann, G Die Veranderung des Saure- 
Basengleichgewichtes nach Gallenfisteln und ihre Bedeutung bei der Entstehung 
der sogenannten porotischen Malazie, Beitr z klin Chir 139 720, 1927 

30 Teller, S Y Studies in Calcium and Phosphorus Metabolism IV The 
Influence of Free Fatty Acids m the Intestine on the Absorption and Excretion 
of the Mineral Elements, Quart J Med 20 1, 1926, V Infantile Rickets, The 
Excretion and Absorption of the Mineral Elements and the Influence of Fats in 
the Diet on Mineral Absorption, ibid , p 7 
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achloiliycina and a complete absence of lipolytic enzyme activity Both 
of these abnormalities aie known to cause dianhea Achloihychia and 
deci eased panel eatic enzyme activity aie not uncommon in sprue 
Besides the diaiihea in this case, there aie two othei factois that might 
* conceivably inteifeie with the absoiption of calcium and phosphorus 
namely, achloihydiia and the absence of lipolytic enzyme activity The 
effect of the achloihydiia on the absoiption of calcium and phosphoius 
cannot be stated with any degiee of ceitamty, but it is geneially accepted 
that loweied intestinal acidity hindeis such absoiption®' The inci eased 
excietion of fat (due to the absence of lipolytic enzyme activity) has 
been shown to lesult m the foimation of insoluble calcium soaps, which 
aie subsequently excreted 

The tacts that the excretion of fecal calcium and phosphoius almost 
equalled the intake of these substances and that these fecal values 
deci eased following the impiovement of the dianhea would seem suffi- 
cient evidence that the tetany in this case i esulted from faulty absorption 
secondary to the dianhea Vanous woikers have demonstiated that 
spiue, like pernicious anemia, is also a deficienc}^ disease 

It would be inteiesting to speculate as to what effect a concentiated 
prepaiation of vitamin D would have had on this patient However, if 
his condition was in any way i elated to a deficiency in vitamin D, this 
lack was not corrected materially by the administration of hvei extract 
because the content of vitamin D in such piepaiations is extiemely low 
Presumably, an inci eased absoiption of vitamin D might have i esulted 
in the improvement of the dianhea 

SUMMARY 

1 Studies of the calcium and phosphorus metabolism in a case of 
nontropical spiue with associated tetany are leported 

2 It IS emphasized that the low seium calcium and phosphoius, the 
osteoporosis and the tetany seen m cases of sprue are not the lesult of 
parathyroid deficiency, but aie due to the inadequate absoiption of 

31 Sokhey, S S , and Malandkar, M A Pancreatic Function m Sprue, 
Indian J M Research, 25 921 (April) 1928 (See this article for additional 
references ) 

32 Irving, L, and Ferguson, J The Influence of Acidity in the Intestine 
Upon the Absorption of Calcium Salts by the Blood, Proc Soc Expei Biol & 
Med 22 527 (May) 1925 Babbott, F L, Jr , Johnston, J A, and Haskins, 
C H Gastiic Acidity in Infantile Tetany, Am J Dis Child 26 486 (Nov) 
1923 

33 Porter, W B , and Rucker, J E The Treatment of Non-Tropical Sprue 
with Liver Extract, Am J M Sc 179 310 (March) 1930 Elders, C Behand- 
hing der Tropischen Sprue, Med Welt 3 167, 1929 
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calcium and phospohius from the gastro-mtestinal tract because of the 
existing diarrhea 

3 In the case reported, improvement took place coincident with the 
giving of 6 vials of liver extract daily Subsequently, 2 vials a day 
were found to be sufficient 

4 A very low value for serum total base (124 mg per hundred cubic 
centimeters) is reported 
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The Re'^ai Lesion in Bright’s Disease By Thomas Addis and Jea.n Oliver 
Price, §16 Pp 650, with 160 full page illustrations and 21 text illustrations 
New York Paul B Hoeber, Inc , 1931 

In this modern day of haste, with its attending evil, superficiality, the survey 
of a book such as that of Addis and Oliver affords unusual pleasure Unusual 
not only because of its thoroughness, a thoroughness that carries the conviction of 
authority, but because the presentation is as forceful as it is personal, and the 
subject matter so logicall}' and clearly studied and developed, that there is never 
any doubt in the mind of the reader that the objectives of the authors have been 
unquestionably achieved To call it a landmark were trite To say that it reflects 
genuine credit on American medicine is but fair appreciation of the enormous 
labor, the careful observation and the keen analysis that have been condensed m 
the volume 

It differs from many other works dealing with the subject because of its 
absolute objectivity It is built on bed rock And even to those who may stray 
from the narrow pathway of the microscope into the wider, though less certain, 
thoroughfares of pathologic physiology, the very solid pathologic basis is as 
refreshing as it is convnncing So, too, the clinical observations are based not only 
on thorough study, but on urinalyses that are unique in their approach to quan- 
titative exactitude — methods that have been under dev'elopment by Addis for 
many years The reviewer would like, in passing, to emphasize their value, as 
they are not sufficiently known to the medical profession at large Addis has 
not only worked out the quantitative analysis of the urinary sediment and reason- 
ably satisfactory measures of the maximum functional capacity of the renal 
tissue, in themselves of enormous clinical value, but has made such functional 
determinations over long periods of time Only by such long-continued functional 
surveys can a true picture of the clinical condition be obtained His insistence 
that the clinician himself should examine the sediment strikes a responsive cord 
Too much routine work is delegated to technicians Chemical determinations are 
justifiable, examination of the urinarv sediment, with care tor its proper collec- 
tion, should be done by the physician himself The authors make it ver} evident 
that the urine so examined offers a store of information about the patient to the 
careful examiner Were there nothing else of value, the first four chapters 
(I Introduction, II Clinical Methods, III Clinical Definitions, W A Clinical 
Classification of Bright’s Disease m Accordance with the Nature of the Renal 
Lesion) would m themselves justify the book 

Oliver made a pathologic study of the sev^enty-two cases of Bright’s disease 
that form the basis of the work Each case is discussed m detail the histor}^ the 
clinical picture, the salient gross pathologic changes and the description of the 
microscopic exam nation The 160 plates (magnified 20 and 120 times) represent 
photomicrographs that are m themselves instructive as well as technicallv excellent 
The reviewer has been particularly impressed with the descriptive terseness, all 
nonessential detail havnng been omitted, which m itself is convnncmg evidence of 
the sense of proportion that is conveyed by the entire book 

To illustrate finer details that are essential m the analysis presented m the 
final chapters (VI Pathological Definitions, VII The Clinical and Pathological 
Observ^ations , VIII Clinical Summarv and Comparison of Clinical and Patho- 
logical Data, IX A Correlation of the Clinical and Pathological Observations, 
X A Theoretical Description of the Course and Sequence of the Pathological 
Processes m Bright’s Disease, XI A Classification and Theorv of Bright’s 
Disease), Femberg has made a series of drawings of high power" fields Their 
quality is in keeping wath the rest of the book m which typography, binding, form 
and paper are of exceptionally high standard 
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The reviewer has called attention to the mature balance that pervades the book, 
and to its objectivity It has not been the purpose of the authors to spread — 
limitation has permitted depth There has been no attempt, for instance, to discuss 
hemorrhagic Brights disease from the point of view of general capillary damage 
The focus IS on the kidney, and is clearly so stated in the title This limitation 
m no wise lessens the \alue of the book to the clinician or to the scientific 
investigator 

Addis and Olner have contributed a book that should be of enormous value to 
every clinician , stimulating, intensely practical and thoroughly readable and 
understandable as books are apt to be when the authors are masters of their 
subject 

Noguchi By Gustav Eckstein Price, $5 Pp 419 New' York Harper 
Brothers 1931 

Three years after Hideyo Noguchi, a famous Japanese bacteriologist, lost his 
life m Africa through his untiring search for the organism responsible for yellow 
fever, the general reading public is made acquainted with the facts of his life 
through this biography by Gustav Eckstein This volume ought to prove inter- 
esting to the members of the medical profession whether they knew Noguchi 
personally or are familiar with his w'ork However, the lack of technical language 
and the lucid explanations of all experimental procedures indicate that the author 
intended to bring the book to the attention of the layman as w'ell as to that of the 
physician 

If one can overlook marked deficiencies in the literary style and an all too 
frequent repetition of irrelevant detail, one will be able to gam a good deal of 
pleasure from this account of Noguchi’s colorful career and his valuable contribu- 
tions to the study of organisms responsible for disease The numerous facts that 
the author brings to bear on each period of Noguchi’s life, from his very humble 
boyhood to his sad death, indicate that he had access to a vast number of letters 
written by, to and about Noguchi, as w'cll as an insight into the circumstances of 
his life One feels that if the author had exercised greater discrimination in his 
choice of material, he could have written a much finer book He presents so 
many facts that he is unable to give proper emphasis to the really important things 

Howecer, whatever faults may be noted in regard to technical qualities, it is 
apparent that Mr Eckstein has painted a convincing word portrait of a remarkable 
personality Noguchi s accomplishments are secondary to his character, and when- 
e\er a description of a unit of his work occurs, it serves to illustrate some trait 
or traits in his character Although the work that he executed marked him as a 
“genius ’’ he is, nevertheless, as one examines his reflection in this book essentially 
a ‘ man” — happy and proud when he succeeded m something he set out to do , 
discouraged and despondent when he failed, sensitive to criticism, and appreciative 
of courtesies shown him 

In order that the reader may understand something of the interest that lies in 
this book, certain bents of personality w'lll be illustrated by quotations from it 
Time after time the author describes the intensity with winch Noguchi applied 
himself to his w’ork "He was m the laboratory through the whole of last night, 
through the w'hole of yesterday , through the whole of the night before ” One 
marvels at tbe manner in wdnch his will was able to dominate bodily w'eak- 
nesses That he w'as able to live to the age of 51, in spite of his devotion to labor 
and a body w'eakened by disease, is nothing short of miraculous Rather humorous 
are the anecdotes dealing wuth his lack of understanding of business matters and 
the resultant lack of funds “As to science I am a great success but as to 
financial conditions I am below' zero point ” There is something pathetic in his 
effort to hide the deformed left hand which had been so severely burned when he 
was a boy “He has learned to hide his hand He drops his cap over it, 

or folds his arms in trout of him slipping the left hand under the elbow ” When 
triumph comes to him, he says, “I am the first to cultivate the spirochete of 
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syphilis In Copenhagen they gave me the Royal Medal It is 

said that the Swedish crown intends to decorate me I have sat with 

great men of science and become intimate with them ” His elation at success is 
no more marked than his despondency at failure “I feel only the smallness and 
weakness of man” His understanding of genius corresponds with that of some 
psychologists “There is no such thing as genius It is hard work 

That IS genius ” 

Ihese are but a lew angles of the character which Mr Eckstein stresses 
Noguchi’s name has gone down in medical history because of his work and the 
methods he employed, and now the facts of the life that lay back of these accom- 
plishments will go on record and thus be saA'ed from oblivion Those of the medical 
profession who value personal qualities in their colleagues and predecessors cannot 
help but be inspired by the life story of this great little Nipponese who, through 
his work in America, received the recognition ot the highest scientific orders 
throughout the world 

The Physician of the Dance or Death By Aedred Scott Warthin 
Price, %1 50 Pp 142, with 92 illustrations New York Paul B Hoeber, 
Inc, 1931 

The Dance of Death in art and literature is an expression of the common con- 
ception of death as a leveler and conqueror of all The conception is doubtless as 
old as the time that man first began to philosophize about his existence and his 
end, but its expression in art began in the Middle Ages, and was most frequent 
m that morbid period As Warthin says, “The most satisfactory explanation of 
the origin of the Toten Tanz motive is to be found in the psychology of the times, 
which constantly stiessed the thought of death and the vanity of all earthly things” 
“It was a neurotic and psychopathic age, as shown in its superstitions, its religious 
fanaticism, its sensuality, belief in witchcraft and magic ” But the idea has nevei 
since failed to interest artists when in their contemplative moods, and it is still 
used by them even down to pictures of the last Great War Of course expression 
of the idea varies with the varying mental attitude of succeeding centuries, but 
the essential theme is the same 

The study of the subject became a hobby of Warthm’s in his professional 
youth “In 1893, a young medical student on his way to Vienna passed through 
Nuremburg In a shop window, in the street leading up to the castle, a print caught 
his eye It was Albrecht Durer’s ‘Ritter, Tod und Teufel’ So deep was die 
impression made by it upon the susceptible, perhaps somewhat sentimental, youth, 
that the print at once became his own , and the brave Knight, who feared neither 
Death nor Devil, came to represent to him an ideal of life ” The ideal became in 
Warthin a fine one, to fear neither death nor devil and to love truth 

From that time Warthin began to collect illustrations of the Dance of Death, 
and this volume is a result of that hobby A great number of illustrations are 
reproduced, nearly all from copies or originals in his collection The volume ends 
with a bibliography of the Dance of Death in Dr Warthin’s collection, and in 
addition a bibliography of the short list not iii his collection It makes a fascinating 
book, both in text and in illustrations One can spend, not an interesting hour, 
but interesting hours analyzing the various ways the theme is illustrated in the 
many cartoons Warthin has made this exercise easier by his text 

This diversion was one out of which he evidently got much interest As he 
says, “He can wish his colleagues no greater pleasure than the pursuit of such 
a hobby” It is a fine illustration of the pleasure of a hobby, something the 
leviewer agrees with Warthin that every man should develop early in his career 
for his own satisfaction One will be better for it, if it is a hobby of cultural 
interest, as it was with Warthin, and if it is a hobby that involves some aspect 
of one’s own philosophy of life The latter was evidently true in Warthin’s case 
His vocation emphasized death as an item of his philosophj, and this hobby, perhaps, 
was a result But it was not a neurotic or a morbid interest, it was a frank 
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acceptance of death as a normal phj'Siologic end, and Warthin’s was the sane 
attitude of quiet courage of the well known lines of Shakespeare with which 
Warthin ends his book 

“It seems most strange that men should fear, 

Seeing that Death, a necessary end. 

Will come when it will come ” 

This handsome book has two good reasons for being on the shelves of phy- 
sicians (1) the interest of the book itself and (2) as a reminder of a successful 
diversion for a ph 3 ''sician of culture 

The publisher deserves a word of piaise, the book is a fine example of the 
printer’s art 

Radiumtherapie, Methoden UNO Aussichten By Dr F Gudzent, a o 
Professor an der Universitat Berlin Band V Medizinische Praxis, Heraus- 
gegeben von Grote, Fromme, Warnekros Paper Puce, 6 50 marks Pp 116, 
with S3 illustrations Leipzig Theodor Steinkopff, 1929 

The booklet serves as a short, concise handbook of reference regarding the 
indications and usage of radium in medicine A short resume of the discovery 
of radium and of its phvsical and chemical properties is given The decay of radium 
and its emanation are explained, and filtration principles with various types of 
radium applicators are illustrated and explained 

The biologic response of skin, muscle, tendon, cartilage, bone, nervous tissue 
and the blood to the action of the rays from radium is reported 

Indications and technic of treatment m gout, rheumatism, neuritis, blood 
dyscrasias and chronic suppuration by inhalations of emanation and by drinking 
and bathing in radio-active waters are given, and the radium content of the waters 
of various popular German watering places is included 

Types of lesions of the skin amenable to the action of radium are briefly dis- 
cussed, for deeper tumors, the importance of combined surgery and radium usage 
IS stressed The gynecologic uses of radium are fully entered into 

Therapie der Erkrankungen des VEGETATivEN Nervensv STEMS Price, 7 marks 
P 96 Dresden Theodor Steinkopff German Society for the Advancement 
of Medicine, 1930 

This book contains a series of lectures given at Bad Oeynhausen by various 
specialists The vegetative nervous system is discussed from various points of 
\iew in an extremely elementary manner, so that not even a complete survey 
ot the subject ma> be obtained 

The contents are of little interest to the neurologist and cannot be considered 
worth very much to the internist 
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For the past two years, we have been engaged in a study of the 
various forms of anemia that were observed m patients admitted to 
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the geneial medical wards of the Peiping Union Medical College The 
purpose of these observations was to study the couise of the blood 
following various forms of tieatment and to obtain information regard- 
ing the factors that influence the regeneration of hemoglobin in man 
We were awaie of the difficulties in drawing conclusions following 
various forms of treatment because of the many variable factors present 
m different patients, and it also was evident that many of the factors 
could not be evaluated quantitatively In any study of the cause of 
anemia one usually considers such conditions as loss of blood, the 
previous diet of the patient, the presence of infection, the reserve 
supply of materials necessary for the formation of hemoglobin, the 
function of the bone marrow, the evidences of 'increased destruction of 
blood and the total volume of the blood In many instances it is difficult 
and sometimes impossible to evaluate the relative importance of each 


Table 1 — Founs of Anemia Studied 


Type 



Number of Cases 

Posthemorrhigic anemia 




15 

Dysentery 




20 

Malnutrition 




17 

Pregnaney 




9 

Hookivorm 




7 

Kala azar 




28 

Miscellaneous cases 




80 

Malaria 

3 

Pernicious anemia 

2 


Chlorosis 

4 

Syphilis 

3 


Splenic anemia 

4 

Tj phoid ^e^ er 

1 


Anemia follon ing splenectomy 

2 

Cirrhosis of liver 

1 


Chrome nephritis 

1 

Acute leukemia 

1 


Tuberculosis of intestines 

4 

Purpura hemorrhagica 

1 


Aplastic anemia 

2 

Cancer of stomach 

1 


Total number of cases 




120 


factor However, by studying each patient befoie and after treatment 
and comparing the results under similar conditions, valuable information 
may be obtained In this paper we present the results of a study of 
126 patients with anemia 

CLASSIFICATION OF THE ANEMIAS 

We did not classify our cases on a basis of the morphologic chaiac- 
teristics of the blood, nor according to the more geneial classifications 
such as anemias due to increased destruction or defective formation 
of the blood, but we divided them into groups according to the condition 
with which the anemia was associated, and the various factors con- 
tributing to the production of the anemia were analyzed Thus, the 
anemia associated with chronic dysentery was studied from the point of 
view of loss of blood, the previous diet of the patient, the presence of 
infection, changes in gastric secretion and the nutritional disturbances 
caused by the diarrhea In this way, the various factors precipitating 
the development of anemia were evaluated The various forms of 
anemia studied are summarized in table 1 
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METHODS OF STUDY 

All of the patients were studied while resident in the hospital and 
weie obseived for periods of time varying between twenty-one and 
one hundred and twenty days They were examined carefully for 
evidence of loss of blood, and all of the clinical features were noted 
The red blood cells were counted with standardized counting chambeis 
and pipets, and the hemoglobin content was determined by the Sahli 
method in which a colored glass was used for the standard This instru- 
ment was calibrated with the oxygen capacity method so that 100 per 
cent was equal to 17 Gm of hemoglobin or an oxygen capacity of 22 5 
per cent by volume The reticulocytes were counted, the dry smear 
technic being used All of these determinations were made in the dif- 
ferent patients at inteivals varying from one to foui days The 
morphologic characteristics of the blood were studied, and the pieseiice 
of nucleated erythrocytes and the changes in the size and shape of the 
cells were noted In a number of the cases the exact size of the erythro- 
C}q;es was measured with a calibrated ocular micrometer, and the Price- 
Jones curves were plotted 

In evaluating the results of treatment, the rate of the formation 
of hemoglobin was determined before and after treatment, and the 
reticulocytes were followed daily In this way it was possible to reach 
a conclusion regarding the value of the treatment employed 

SPECIAL CLINICAL FEATURES 

Before summarizing the results of the study of the blood, we wish 
to call attention to a number of the interesting clinical features that were 
observed We refer to changes m the tongue, skin, ocular fundi, nervous 
system and gastric acidity, together with other complicating conditions, 
such as the various deficienc}^ disorders due to avitaminosis and other 
nutritional defects 

Changes %n the Tongue — Atrophy of the papillae of the tongue was 
observed in nine patients The degree of atrophy varied from a disap- 
pearance of the papillae in the central portion of the tongue to complete 
atrophy of all of the papillae Following recoveiy from the anemia, the 
papillae returned and the tongue appeared normal The natural history 
of this phenomenon is unknown since it was asymptomatic in all but 
one patient In this man, the atrophy had been preceded by recurrent 
attacks of glossitis The picture presented by the tongue was indis- 
tinguishable from that frequently seen in pernicious anemia Besides 
these cases, we have observed atrophy of the papillae of the tongue 
in three other patients who had chronic dysentery without anemia 

Aside from the conditions mentioned, atrophy of the papillae of the 
tongue may be observed in sprue, pellagra, dysphagia associated with 
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anemia, and following gastrectomy, and also m some patients with 
anemia associated with a chronic infestation due to hookworm While 
Its exact significance is difficult to appreciate, these changes are usually 
present in patients who are undernourished or who have a pathologic 
process that interferes with nutrition It may be added that these con- 
ditions may be present without gastiic anacidity 

Changes ^n the Skin — The lesions of the skin that are characteristic 
of pellagra weie present in two patients and hyperkeratosis folliculosis 
in three The latter condition was extensive, and presented an extra- 
ordinary clinical picture Frazier and Hu ^ made a special study of 
this condition and attributed these changes to deficiency in vitamin A, 
they reported the results of their investigations in detail elsewhere All 
of these lesions disappeared following the recovery from anemia and 
establishment of an adequate diet 

Retinal Hemouhages — Hemorrhages into the retina are observed 
commonly in patients with pernicious anemia, in the anemias associated 
with hemorrhagic phenomena and in chronic nephritis, but they are 
uncommon in other forms of anemia In the cases that we studied, 
numerous hemorrhages were present in the retinas of four patients 
In three, the anemia was associated with chronic dysentery, and in one, 
It resulted from bleeding hemoirhoids In all, the erythrocyte count 
was less than 1,500,000 cells The hemorrhages were associated with 
patches of exudation which resembled those seen in patients with retinal 
\ascular changes It seemed to us that the appearance of hemorrhage 
m the eyegrounds depended on the severity of the anemia rather than 
Its cause Heine ^ called attention to the hemorihages occurring in the 
ocular fundi in the various anemias in man, and stated that this con- 
dition IS more common in pernicious anemia than in other forms of 
anemia 

Changes m the Nervous System Associated with Anemia — Changes 
in the nervous system were present m seven patients In five, the clinical 
observations were characteristic of subacute combined degeneration 
In two of these, typical pernicious anemia was present Of the other 
three cases, two weie associated with chronic dysentery, and the third 
was present in a woman with gastiic anacidity and anemia resulting 
from loss of blood Gastric anacidity was present m all of the five 
patients, but m one patient in whom the signs were associated with 
anemia and chronic dysenteiy, the gastric anacidity was only temporary 

1 Frazier, C N , and Hu, C H Hyperkeratosis Follicularis Preliminary 
Report, Tr International Dermatological Conference, Stockholm, 1930 

2 Heine, L Die Krankheiten des Augen, Berlin, Julius Springer, 1921, 
p 392 



KEEFER-YANG—SECONDARY ANEMIA 


541 


Peiipheral neuiitis was observed twice In both cases, it was associ- 
ated with anemia and chronic dysentery, but it was unassociated with 
gastric anacidity 

It was striking that these maladies weie piesent in patients who 
had nutiitional defects, and the isolated observation of the presence of 
subacute combined sclerosis m a patient with anemia and a temporary 
derangement of gastiic function is of interest in view of the relation- 
ship existing between gastiic anacidity, subacute combined scleiosis and 
nutiitional defects 

The development of peripheial neuiitis in association with chronic 
dysentery and anemia was of inteiest fiom the standpoint of etiologic 
diagnosis The questions naturally arose Was the peripheial neuritis 
due to deficiency in vitamins, so-called beiiberi, oi was it the lesult of the 
dysenteiic infection^ At present we do not know of any method of 
answering these questions conclusively In the future, similar cases 
should be studied fiom the point of view of a deficiency disorder being 
the cause of neuritis 

Changes m Gash ic Sea eUon — It is becoming clearer that alterations 
in gastric secietoiy function are of considerable impoitance in predis- 
posing many patients to the development of pernicious anemia This 
belief IS due to the recent important woik of Castle and his associates, 
Townsend and Heath ® They have been able to demonstrate conclusively 
that in patients with gastric anacidity and pei nicious anemia, the stomach 
IS incapable of secreting a substance (an mtiinsic factor, possibly an 
enzyme) that is piesent in normal human gastric juice and is capable 
of interaction with piotein or closely i elated substances, resulting in 
the pioductioii of material having a marked hematopoietic effect when 
administered to patients with pernicious anemia Moieover, Castle and 
his co-workers have shown that some patients with achlorhydria and 
anemia may be able to secrete this substance, wheieas m these patients 
the stomachs do not secrete hydrochloric acid, and they have also 
observed patients with an anemia closely simulating the blood pictuie of 
pernicious anemia, who were capable of secreting hydrochloric acid, 
but in whom the gastric juice was ineffective when tested for its ability 

3 Castle, W B Observations on the Etiologic Relationship of Achylia 
Gastnca to Pernicious Anemia I The Effect of the Administration to Patients 
with Pernicious Anemia of the Contents of the Normal Human Stomach Recov- 
ered After the Ingestion of Beef Muscle, Am J M Sc 178 748, 1929 Castle, 
W B , and Townsend, W C II The Effect of the Administration to Patients 
with Pernicious Anemia of Beef Muscle After Incubation with Normal Human 
Gastric Juice, ibid , p 764 Castle, W B , Townsend, W C , and Heath, C W 
III The Nature of the Reaction Between Normal Human Gastric Juice and Beef 
Muscle Leading to Clinical Improvement and Increased Blood Formation Similar 
to the Effect of Liver Feeding, ibid 180 305, 1930 
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to produce the eftective principle from beef muscle These observations 
not only explain why anemia does not develop in some patients with 
gastric anacidity but they may also explain why pernicious anemia 
does not develop in many patients with anacidity, and why it develops 
in some patients with normal gastric acidity 

It IS clear, then, that alterations in gastric secretoiy function are of 
importance in the study of any form of anemia When the gastric 
secretory function of patients with anemia is studied repeatedly, 
histamine being used as a test stimulus, two types of response are 
observed * a permanent type of gastiic anacidity, or a temporary sup- 
pression of “free” acid In the group under discussion, the gastric 
secietion of sixty- five patients was studied and gastric anacidity was 
found in sixteen In six, it was only temporarily present, in two, there 
was typical pernicious anemia, and of the remaining eight, only three 
were examined more than once We were unable to establish any 
definite con elation between gastric anacidity and anemia in most of 
our patients However, a final answer to the question of the relation- 
ship between various foims of anemia other than pernicious anemia 
and alterations in gastric function cannot be given at the present time 

Association noith Deficiency Disoiders — One of the interesting 
features in some of the patients obseived was the evidence of deficiency 
disorders, such as keratomalacia, scurvy, osteomalacia, rickets and 
“edema disease ” W e observed keratomalacia in five, edema in ten, 
rickets in tw^o, scurvy in tivo and osteomalacia in one In a previous 
paper, we ° pointed out that deficiency disorders such as keratomalacia, 
beriberi, rickets, scurvy, osteomalacia and tetany may be present without 
anemia, and if anemia is present m such patients it was concluded that 
It was due to a deficiency of substances other than vitamins A, B, C 
and D, or to some complicating factor such as infection These con- 
clusions were based on a study of the blood in twenty-twm cases of 
keratomalacia, forty-one cases of beriberi, four cases of scurvy, seventeen 
cases of rickets thirteen cases of osteomalacia and twenty-two cases 
of tetany resulting from pregnancy, lactation or a deficient diet Anemia 
associated with edema wnll be discussed under the anemias associated 
■with undernutntion 

Ranty of Peimcwns Anemia — ^During this study we observed only 
a single typical case of pernicious anemia in a Chinese patient It has 
been the experience of all clinicians wdio have had an opportunity of 

4 Chang, H C , Yang, C S , and Keefer, C S Improvement in Gastric 
Function in Patients Following Recovei^'- from Secondary Anemia, Nat M J , 
China 15 752, 1929 

5 Keefer, C S , and Yang, C S The Role of the Various Vitamines in 
the Production of Anemia, Nat M J , China 15 419, 1929 



KEEFER-YANG—SECONDARY ANEMIA 


543 


studying anemia in Chinese patients to note the inf i equency of pernicious 
anemia In the clinical recoids of the first 25,000 patients admitted 
to the Peiping Union Medical Hospital there were notes of only foui 
cases m which a diagnosis of pernicious anemia seemed justified, and 
all but one of these were observed before treatment with liver was 
known Fu and Sturton,® Morris ^ and Struthers ® observed some 
cases, but details are lacking Dr George R Minot informed us that 
he observed two typical cases m Chinese patients in Amei ica The reason 
for the uncommon occurience of the disease is not clear There are 
two suggestive points In a study of the gastric contents of patients 
in whom histamine was used as a test stimulus, Chang ° showed that 
gastric anacidity was present m only 7 5 per cent of the cases studied 

Table 2 — Results of Tieatment fo) Posthemor)hagic Anemia 


Red Blood Cells, Hemoglobin, Reticulocytes, 

Millions per Cent per Cent 
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13 
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Lner and iron 

14 
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3 83 

31 
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1 4 

12 

Liver extract 

15 
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2 35 

33 

38 

36 

24 

Liver extract 


While it IS difficult to compaie these results with those obtained from 
a similar group in the United States, owing to the method employed. 
It IS suggested that the incidence of gastric anacidity m a miscellaneous 
gioup of hospitalized patients may be lower m China than elsewhere 
Moreover, the difference m the dietary habits of oriental and occidental 
people may be of importance m explaining the infrequency of pernicious 
anemia m China Both of these questions require further investigation 

VARIOUS GROUPS OF ANEMIA 

Posthemoirhagic Anemia — We have studied fifteen patients with 
posthemorrhagic anemia, and the results of treatment are summarized 
in table 2 The most conspicuous results were obtained following the 

^ W , and Sturton, S D A Severe Case of Pernicious Anemia, China 
M J 40 1016, 1926 

7 Morris, H H Anemias in China, China M J 43 768, 1929 

8 Struthers G, m discussion on Morris (footnote 7) 

9 Chang, H C Personal communication to the authors 
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administration of livei and iron Chart 1 illustrates such a case Similar 
observations have been recorded by Minot, Murphy and Stetson,^® 
Murphy and Poweis,^^ Dyke,^^ Vaughan, Wahlberg,^^ and others 

In drawing conclusions from the results of the treatment of patients 
with this form of anemia, there are difficulties due to the varying 
response obseived following treatment For example, it is generally 
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Chart 1 — Chart of patient with anemia resulting from chronic loss of blood 
Recovery was rapid after treatment with liver and iron The reticulocytes were 
increased before treatment was started 


10 Minot, G R , Murphy, W P , and Stetson, R P The Response of the 
Reticulocytes to Lner Therapy in Pernicious Anemia, Am J M Sc 175 581, 
1928 

11 Murplw, W P , and Powers, J H The Value of Liver in the Treatment 
of Anemia Due to Hemorrhage, Surg, Gynec & Obst 48 480, 1929 

12 Dyke, S C Liver Therapy m Secondary Anemia, Lancet 1 1192, 1929 

13 Vaughan, Janet Critical Review The Liver Treatment of Anemias, 
Quart J Med 28 213, 1930 

14 Wahlberg, J Liver Diet and Reticulocyte Reaction in Simple Anemia, 
Acta med Scandmav 72 143, 1929 
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believed that the period of recover}^ following an acute hemorrhage is 
relatively rapid, that is to say, complete recovery may occur within 
several weeks after the hemorrhage regardless of treatment This has 
been shown to be true m the experimental posthemorrhagic anemias 
in animals and in similar anemias in man This rapid recovery is due 
to the presence of a large amount of reserve material which is available 
foi the regeneration of the red cells, and the hemoglobin There are 
patients, however, who continue to have anemia for many weeks fol- 
lowing an acute hemorrhage, and recovery may be slow Such cases 
have been reported by Dyke,^~ and we have observed similar cases 
In these patients the reserve supply of hemoglobin and red cell substances 
must be small This view gams support m the experimental work of 
McCay,^® who was able to show that animals recovering from a post- 
hemorrhagic anemia might be rendered anemic by a relatively small 
bleeding, whereas the loss of a similar amount of blood from an 
animal which had not been anemic previously was not followed by 
anemia These observations emphasize the importance of an adequate 
reserve supply of the substances that build hemoglobin in determining 
the appearance of anemia and the rate of recovery following acute 
hemorrhage 

On the other hand, the chronic posthemorrhagic anemias usually 
present an entirely different problem In such cases, the reserves have 
usually been exhausted, and if the materials necessary for regeneration 
of the blood are not supplied in large quantities in the diet, the rate 
of recovery will be slow Whipple and Robschiet-Robbins were the 
first to emphasize the importance of dietetic therapy in the treatment 
for this form of anemia When their dogs had chronic anemia from 
repeated bleeding, the hemoglobin content of the blood could be main- 
tained at a surprisingly low level for several years, providing the diet 
was not made up of large amounts of food containing the materials 
necessary for the regeneration of hemoglobin They found that liver 
and kidney contained the largest amount of these substances, but iron 
and the salts of other metals were also potent They pointed out that 
liver and iron produced an effect of the two expected reactions It is 
not surprising, therefore, that a similar response may be observed in 
those anemias in man that are caused by bleeding It should be empha- 
sized that complete recovery may not occur in less than from four to 
SIX weeks in these patients, even following the administration of liver 
and iron, but this result is as satisfactory as that observed m some 
patients with pernicious anemia following the use of liver extract, and 

15 McCay, C M The Influence of Protein, Blood, Liver, Fat, Iron, and 
Potassium in the Diet upon the Rate of Blood Regeneration After Hemorrhage 
in the Rat and Dog, Am J Physiol 84 16, 1928 
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recovery is usually considerably more rapid than that observed when 
these patients recover without such treatment 

It IS manifest, therefoie, that lecovery from posthemorrhagic anemia 
may be accelerated by the use of liver and iron, piovided such inhibitory 
factors as sepsis and continual loss of blood are not present 

Anemias Associated with Undei nuti ifion — In a previous paper we^® 
reported cases of anemia resulting from malnutrition The anemia 
was caused either by faulty diets, oi by pathologic piocesses inter- 
fering with normal nutrition, such as chronic dianhea Since that time. 

Table 3 — Ancima of Malnutnhon 
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other similar cases have been studied The anemias resulting from 
faulty diets are summarized in table 3 In this group, the evidence that 
supported the conclusion that the anemia resulted from malnutrition was 
the history of inadequate diets, the piesence of undernutrition, the 
association of nutritional defects such as avitaminosis and edema, and 
the recovery from the anemia following adequate diets supplemented 
with substances that tend to build hemoglobin, such as liver and iron 

The importance of faulty diets as a cause of obscure anemias is 
becoming greater as the various forms are studied By recognizing this 
fact and studying these cases, information regarding the exact nature 
of the substances that aie lacking and the deficiency of which is respon- 
sible for the development of the anemia may be obtained In studying 

16 Keefer, C S , and Yang, C S Anemia of Undernutrition Report of 
Cases with Results of Treatment, Nat M J , China 15 701, 1929 
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the blood of a number of patients with deficiencies due to a lack of 
vitamins A, B, C and D, we concluded that all of these avitaminoses 
could exist in man without anemia, although anemia was present in 
some instances In the cases in which anemia was present, we concluded 
It was probably the result of deficiencies m other food substances or of 
infection Recently, Mettier, Minot and Townsend reported eight 
cases of scurvy m which there was a concomitant anemia They 
showed that when the patients were given food containing a large 
amount of vitamin C there was definite improvement in the blood picture 
with an increase in the leticulocytes They concluded that the anemia 
111 these patients was due to a lack of vitamin C, but that it was influenced 
by other factors such as infection, arteriosclerosis or hemorrhage 


Table 4 — Erythrocytes and Hemoglobin in Patients with Edema Resulting fiom 

Malnutrition 



Red Blood Cells, 
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35 
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21 

35 
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At the time we recorded the observations on the blood in the various 
avitaminoses, observations on the blood in so-called edema were not 
given Since then, sixteen patients with this disorder have been observed 
and the blood counts of this group are recorded in table 4 From the 
table It IS evident that this condition may be present without anemia 
The hemoglobin content, however, was below 80 per cent m eleven 
patients and below 70 per cent m seven In the patients with anemia, 
recovery followed a balanced diet containing adequate amounts of pro- 
tein, fat and carbohydrate, or it occurred after the use of iron During 
recovery, the reticulocytes usually increased as m the other forms 
of anemia 

It IS apparent, then, that anemia develops in many patients who have 
been on fault}'^ diets, but it is not clear which elements through their 
deficiency are responsible for the anemia In spite of this fact, the 

17 Mettier, S R , Minot, G R , and Townsend, W C Scurvy in Adults, 
Especially the Effect of Food Rich m Vitamin C on Blood Formation J A 
M A 95 1089 (Oct 11) 1930 
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regeneration of the hemoglobin may be accelerated m these cases by 
adequate diets — liver or iron 

Chart 2 shows the course of the blood m a patient with anemia due 
to malnutrition 

Anemms Associated -with Chionic Dysenteiy — Anemia associated 
with chronic dysentery was observed in twenty patients We^® have 
described in detail elsewhere the clinical features and the response of 



Chart 2 — Chart of patient with anemia resulting from partial starvation 
Recovery was rapid following an adequate diet supplemented with liver and iron 


the anemia to treatment m some of these patients To recapitulate 
Anemia usually developed in these patients only after the dysentery had 
been present for two months or longer, and then it appeared most fre- 

18 Keefer, C S , Huang, K K , and Yang, C S The Importance of Under- 
nutrition in the Production of Anemia Associated with Chronic Dysentery and 
Tuberculosis of the Intestine, Nat M J , China 15 743, 1929 Keefer, C S , 
Yang, C S , and Huang, K K Anemia Associated with Chronic Dysentery 
Clinical Considerations with Special Reference to the Cause and Treatment, Arch 
Int ]\Ied 47 436 (March) 1931 
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quently in those who had been on inadequate diets The loss of blood 
in the stools and the part played by the infection and by gastric anacidity, 
when it was present, were only minor contiibutory factors As a 
result of our observations, we concluded that the anemia resulted 
from the disturbance in nutrition which followed the chronic diarrhea 
and from the inadequate diet, and that other factors such as loss of 
blood, gastric anacidity and infection played an insignificant part 

The anemia varied in its moiphologic characteristics and in its 
severity Both hyperchromic and hypochromic types of anemia were 
observed, and the red blood cells were, by actual measurement, smaller 
or larger than normal During recovery the reticulocytes increased 
in number, regardless of the form of treatment The lower the red cell 
count before recovery, the higher were the reticulocytes at the peak 
of the rise 

In the gioup as a whole, we observed all of the clinical features 
that are said to be characteristic of pernicious anemia, including atrophy 
of the papillae of the tongue, subacute combined degeneration, gastric 
anacidity of the temporary and permanent type and an anemia that 
responded to liver extract 

The response to treatment varied considerably in different patients 
In some, excellent responses were observed following the exhibition of 
liver extract or iron In others, varying rates of recovery were observed 
following other forms of treatment such as high caloric diets or the 
recovery from the dysentery 

The best methods of treatment m this form of anemia were rest in 
bed, high caloric diet, local treatment of the intestinal lesions and sup- 
plementing the diet with liver and iron In some cases tiansfusion of 
blood was helpful One cannot predict which form of therapy will be 
effective in an individual case If liver fails, it is necessary to give iron 
in order to determine its potency The results of treatment are sum- 
marized 111 table 5 

From these observations it is clear that the syndrome of pernicious 
anemia can appear without changes in gastric acidity in patients who 
have been on inadequate diets and who have a pathologic process 
interfering with normal nutrition Furthermore, these observations sup- 
port the hypothesis that pernicious anemia is a deficiency disease 

Anemia Associated with Kala~Azar — ^Kala-azar is a parasitic disease, 
invariably associated with changes in the blood if the infection has been 
present for any length of time In studying a number of patients with 
kala-azar, Keefer, Khaw and Yang pointed out that there was a depres- 
sion of all the elements in the blood including the erythrocytes, hemo- 
globin, white cells and platelets The leukocytes and platelets were 

19 Keefer, C S , Khaw, O K, and Yang, C S The Anemia of Kala-Azar, 
Nat M J, China 15 731, 1929 
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usually reduced before the hemoglobin and erythrocytes These changes 
caused symptoms of anemia, predisposition to infection and thrombo- 
cytopenic purpura hemorrhagica In studying the blood platelets in these 
patients, Yang and Ch’en found that they might be further depressed 
by treatment with antimony compounds oi by some infections 

The cause of the anemia in this disease is not clear, although it is 
recognized that the characteristic changes m the tissue resulting from the 
infection are most prominent m the organs that form blood In many 
respects these anemias resemble those observed m the so-called myelo- 
phthisic anemias, the result of carcinomatoses of the bone marrow,. 


Tablf 5 — Results of Tieatment m Cases of Anemia Associated zvith Chronic 

Dysenteiy > 


Red Blood Cells, Hemoglobin, Rcticulocj tes 
Millions per Cent per Cent 

A -A X 


Case 

Before 

Treat 

ment 

After 

Treat 

ment 

Before After 
Treat Treat 
ment ment 

Before 

Treat 

ment 

After 

Treat 

ment 

Treatment 

16 

29 

43 

74 

85 

45 

1 

Spontaneous 

17 

22 

45 

60 

80 

20 


Spontaneous 

18 

10 

3 75 

20 

75 

00 

14 1 

Transfusion 

19 

30 

45 

50 

70 

00 

80 

Transfusion 

20 

2 25 

3 25 

45 

60 

00 

20 

Transfusion 

21 

144 

5 21 

22 

88 

13 

280 

Full diet, cod liver oil 

22 

1 1 

4 17 

21 

78 

15 

19 0 

Full diet, cod liver oil 

23 

101 

3 86 

19 

70 

90 

50 

Diet, transfusion, iron 

24 

110 

4 62 

12 

90 

00 

26 6 

Iron 

25 

28 

47 

51 

89 

30 

86 

Iron 

26 

3 59 

4 36 

66 

95 

10 

90 

Iron 

27 

0 06 

4 53 

15 

96 

18 

386 

Biver extract 

28 

2 52 

3 97 

54 

75 

0 4 

50 

Liter ash, iron, transfusion 

29 

3 03 

4 89 

52 

100 

06 

60 

Liver extract, iron 

30 

20 

5 22 

33 

82 

08 

56 

Liter extract, liver and iron 

31 

2 33 

3 58 

54 

85 

1 2 

76 

Liver extract, liver and iron 

32 

4 46 

50 

52 

80 

00 

14 4 

Liver extract, liver and iron 

33 

1 30 

1 20 

34 

35 

1 4 

1 8 

Liver extract 

34 

1 47 

2 62 

31 

56 

12 

54 

Transfusion, diet 

35 

3 05 

2 80 

45 

46 

1 6 

28 

Iron 


osteosclerosis or leukemia The exact method of inhibition of the 
formation of blood m these cases, however, remains a mystery 

In treating these patients for anemia, we found that several measures 
were useful , namely, transfusion of blood, treatment of the infection 
with antimony compounds, elimination of intercurrent infections and 
improving the general nutritional state The results are summarized 
m table 6 

Anemias of Piegnancy — The so-called anemias of pregnancy are 
seen most frequently during the latter term of gestation and occur more 
often in women who have had multiple pregnancies, particularly when 
the pregnancies have occurred in rapid succession The anemia may 
recur in subsequent pregnancies, and many cases show a tendency to 
spontaneous recovery following childbirth The severity of the anemia 

20 Yang, C S , and Ch’en, K T The Blood Platelets in Kala-Azar, Nat. 
M J , China 16 34, 1930 
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vanes and is characterized by a depression of the erythrocytes and 
the hemoglobin Pallor and the symptoms of anemia are present, and 
in some cases, fever, retinal hemorrhages, model ate cardiac enlarge- 
ment with hemic murmurs, enlargement of the liver and spleen and 
edema of the lower extremities may be observed The leukocyte count 
IS usually normal 

The treatment for these anemias has changed during the past few 
years, since it has been shown that regeneration of the hemoglobin 
and the red cells can be accelerated by the feeding of liver or liver 


Tablc 6 — Anemia Associated with Kala-Azai 


Red Blood Cells, Hemoglobin, Reticulocj tes. 
Millions per Cent per Cent 

A ^ A 



Before 

After 

Before After 

Before 

After 



Treat 

Treat- 

Treat Treat 

Treat 

Treat 


Case 

ment 

ment 

ment 

ment 

ment 

ment 

Type of Treatment 

00 

2 25 

30 

36 

45 



Urea stibamine 

70 

2 56 

4 0 

45 

65 



Urea stibamine 

71 

3 00 

3 5 

55 

66 



Urea stibamine 

72 

2 5 

40 

55 

85 



Urea stibamine 

73 

35 

40 

65 

70 



Urea stibamine 

74 

3 25 

40 

60 

55 



Urea stibamine 

75 

2 25 

3 5 

42 

70 



Urea stibamine 

76 

25 

30 

45 

45 



Urea stibamine 

77 

1 5 

3 25 

25 

60 



Urea stibamine 

78 

30 

4 25 

55 

80 



Urea stibamine 

79 

30 

40 

50 

80 



Urea stibamine 

80 

36 

4 25 

65 

70 



Urea stibamine 

81 

40 

40 

60 

60 



Urea stibamine 

82 

40 

4 70 

70 

85 



Urea stibamine, transfusion 

83 

16 

25 

28 

40 

21 

21 

Urea stibamine, transfusion 

84 

15 

17 

18 

45 

41 

31 

Urea stibamine, transfusion 

So 

20 

40 

40 

60 

31 

30 

Urea stibamine, transfusion 

86 

35 

4 5 

60 

90 

21 

20 

Urea stibamine, transfusion 

87 

15 

2 5 

15 

30 

00 

10 

Urea stibamine, transfusion 

88 

2 5 

3 75 

40 

55 

20 

20 

Urea stibamine, transfusion 

89 

18 

4 25 

35 

80 

20 

20 

Urea stibamine, liver and iron 

90 

2 25 

2 25 

45 

35 

20 

24 

Urea stibamine, liver and iron 

91 

30 

45 

40 

70 

20 

20 

Urea stibamine, liver and iron 

92 

24 

20 

40 

70 

20 

20 

Urea stibamine, liver and iron 

93 

21 

40 

44 

45 

04 

46 

Urea stibamine, liver and iron 

94 

21 

40 

35 

75 

20 

80 

Urea stibamine, liver and iron 

95 

25 

4 0 

47 

67 

20 

10 0 

Urea stibamine, liver and iron 

96 

3 76 

40 

GO 

70 

1 0 

32 

Urea stibamine, li\er and iron 


extract, or by combinations of liver and iron or by iron alone This 
form of treatment has been reviewed recently by Vaughan,^® Strauss 
and Yang and Keefer We have had an opportunity of observing 
nine cases, and in our experience the feeding of liver and iron has 
been of value These cases are summarized m table 7 Infection may 
inhibit the rate of regeneration of the blood, but many immature cells 
may appear m the peripheral circulation following treatment with 
liver even under these circumstances In one such patient whom we 
observed, the bone marrow showed a marked erythroblastic hyperplasia 

21 Strauss, M Chlorotic Anemia of Pregnancy A Report of Three Cases, 
Am J M Sc 180 818, 1930 

22 Yang, C S , and Keefer, C S The Anemias of Pregnancy, Nat M J , 
China 16 159, 1930 
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The cause of these anemias remains obscure Certain facts exist, 
however, which suggest that these anemias develop in the patients who 
do not receive enough of the essential materials necessary foi the regen- 
eration of the hemoglobin during pregnancy, and the inci eased demands 
caused by the pregnancy are sufficient to cause the anemia to appeal 
These cases should be investigated further with these facts in mind 

Anemia Associated with Infestation Due to Hookwoim — The cause 
of the anemia in infestation due to hookworm is unknown We have 
studied seven patients with moderately severe anemia and infestation 

Tablc 7 — Anemia Associated with Piegnancy 


Red Blood Cells, Hemoglobin, Reticulocytes, 
Millions per Cent per Cent 



Before 

After 

Before 

After 

Before 


Treat 

Treat 

Treat 

Treat 

Treat 

Case 

ment 

ment 

ment 

ment 

ment 

53 

10 

3 75 

25 

78 


54 

20 

4 25 

20 

75 

10 

5o 

2 5 

40 

45 

80 

10 

56 

415 

50 

54 

85 

22 

57 

215 

3 75 

36 

75 

00 

58 

2 97 

4 32 

53 

81 

68 

59 

3 01 

4 83 

43 

64 

26 

60 

20 

30 

49 

61 

02 

61 

137 

2 89 

22 

47 

02 


After 

Treat 

ment Comment 

Blood transfusions (three) 

2 a Blood transfusions (three) 

2 0 Blood transfusions and typhoid 

7 0 Iron 

11 0 Hiver 

7 0 liiver and iron 

3 6 Liver* 

11 0 Iron, liver extract* 

13 0 Liver and iron, pyelonephritis, death 


* Under hospital observation only two weeks Blood counts normal si\ months after 
discharge 


Table 8 — Results of Treatment for Anemia Associated with Infestation Due to 

Hookworm 


Red Blood Cells, Hemoglobin, Reticulocytes, 
Millions per Cent per Cent 

— A -A 


Case 

, ^ 

Before 

Treat- 

ment 

After 

Treat 

ment 

% / ^ > 

Before After 
Treat Treat- 
ment ment 

” 

Before 

Treat 

ment 

-A 

After 

Treat 

ment 

Type of Treatment 

Comment 

62 

3 36 

511 

40 

91 

18 

14 0 

Liver and iron 

128 worms 

63 

2 38 

46 

SO 

85 

50 

13 0 

Liver and iron 

? 

64 

3 5 

4 89 

40 

86 

36 

10 0 

Liver and iron 

? 

65 

2 55 

4 43 

47 

86 

42 

80 

Liver and iron 

10 worms 

66 

2 94 

50 

32 

90 

14 

80 

Liver and iron 

51 worms 

67 

2 31 

4 24 

36 

100 

1 4 

98 

Iron 

72 worms 

68 

25 

50 

45 

96 

10 

12 0 

Iron 

146 worms 


caused by hookworm and have found that they may recovei from the 
anemia following the administration of liver and iron while they con- 
tinue to carry the worms These cases are summarized in table 8 

All of the patients whom we studied had only mild infestations, 
so that the question may be raised whether the parasitic disease had 
anything to do with the presence of anemia At the present time all 
that can be said is that the patients had anemia associated with infes- 
tation due to hookworm and that no other cause was obvious, except 
that most of the patients had been on faulty diets prior to admission 
It will be of considerable interest to determine whether or not the faulty 
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diets which aie consumed by many patients with infestation produced 
by hookworm are not a predisposing factor in producing anemia and 
also whether adequate diets may not be capable of accelerating regenera- 
tion of the blood before as well as after the expulsion of the worms 

It has been pointed out previously that recovery from the anemia 
may be slow following the expulsion of the worms and that it can be 
accelerated by giving iron Day and Ferguson never observed com- 
plete recovery following this foim of treatment until after treatment 
of the infestation Whethei the complete recoveries that we observed 
after the administration of livei and non m infested patients can be 
obtained in similar patients with a heavy burden of worms remains 
unsettled It is clear, howevei, that recovery from the anemia in this 
condition can be accelerated by giving an adequate diet supplemented 
with non 

Schapn o recently called attention to the discrepancy existing 
between the worm burden and anemia resulting fiom infestation 
with hookworms, and expressed the opinion that faulty nutrition is the 
factor that controls anemia m many of these patients It remains to 
be proved, therefore, whether infestation due to hookworm is in itself 
capable of producing anemia 

Anemia Associated with Miscellaneous Conditions — The cases 
included in this gioup are summarized in table 9 A few of them may 
be discussed in detail 

Malaria The anemia lesulting from malarial infection may be 
extreme and is usually due to a destruction of red blood cells In most 
instances there is an increase in the reticulocytes, and Yang and Berg- 
lund discussed the relationship between a hemolytic process and the 
response of the reticulocytes m this and other forms of anemia due to 
excessive destruction of blood Some observers, notably Seyfarth,^’’ 
called attention to the diagnostic significance of an increased reticulocyte 
count in the anemia due to malaria We have studied three patients with 

23 Dock, G , and Bass, C C Hookworm Disease, St Louis, C V Mosby 
Company, 1910 Keefer, C S , and Yang, C S The Value of Liver and Iron 
in the Treatment of Secondary Anemia, J A M A 93 575 (Aug 24) 1929 
Kobayashi, Toshiyo Sur les phenomenes regeneratifs des hematies dans les 
anemies de I’ankylostomiase, Sang 2 129, 1929 

24 Day, H B , and Ferguson, A R The Treatment of Ankylostoma Anae- 
mia, Lancet 2 82, 1914 

25 Schapiro, L Hookworm Infestation in an Indian (Guaimi) and Non- 
Indian Population of Panama, Am J Trop Med 10 365, 1930 

26 Yang, C S , and Berglund, H Differences in Reticulocyte Behavior in 
Anemia from Malaria and in Pernicious Anemia, Proc Soc Exper Biol & Med 
26 417 (March) 1929 

27 Seyfarth, C Experimentelle und khmsche Untersuchungen uber die vital- 
farbbaren Erythrozyten, Folia haemat 31 7, 1927 
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severe anemia due to malaria, and in each case there was an increase in 
the reticulocytes before treatment with quinine was given, and recovery 
occurred promptly following the cure of the malaria There are cases, 
however, in which the period of recovery may be slow, but in these the 
malarial infection is usually complicated by infestation due to hook- 
worm and by malnutrition 

Table 9 — Anemia Associated with Miscellaneous Conditions 


Red Blood Cells, Hemoglobin, Reticulocytes, 
Millions per Cent per Cent 

, A , A. , ■ A 


Case 

Diagnosis 

Before 

Treat 

ment 

After 

Treat- 

ment 

Before 

Treat 

ment 

After 

Treat 

ment 

Before 

Treat 

ment 

After 

Treat- 

ment 

Treatment 

97 

Malaria 

0 88 

413 

25 

82 

23 0 


Quinine 

98 

Malaria 

20 

45 

40 

85 

11 5 


Quinine 

99 

Malaria 

2 7 

4 43 

50 

80 

72 

80 

Quinine 

100 

Chlorosis 

40 

50 

55 

85 

00 

70 

Iron 

101 

Chlorosis 

38 

40 

35 

65 

00 

20 

Iron 

102 

Chlorosis 

4 75 

5 25 

50 

75 

00 

20 

Iron 

103 

Chlorosis 

50 

50 

50 

85 

00 

60 

Iron and liver 

104 

Anemia five years after 

3 76 

5 47 

33 

86 

00 

80 

Iron 

105 

splenectomy 

Anemia following splenee 

2 5 

50 

50 

80 

00 

80 

Iron 

106 

tomy 

Splenic anemia 

3 52 

3 78 

52 

51 

1 0 

58 

Liver 

107 

Splenic anemia 

2 25 

34 

50 

65 

80 

80 

Iron ' 

lOS 

Anemia following splenee 

3 5 

41 

52 

GO 

00 

5 0 

Spontaneous 

109 

tomy 

Splenic anemia 

35 

40 

50 

60 

00 

50 

Spontaneous 

110 

Chronic nephritis 

2 27 

29 

43 

58 

00 

30 

Cod liver oil 

111 

Tuberculosis of intestines, 

139 

170 

29 

38 

33 

14 4 

diet* 

Liver extract. 

112 

keratomalacia 

Tuberculosis of intestines 

3 03 

4 22 

58 

81 

06 

22 

cod liver oil, 
iron 

Liver andiron. 

113 

Tuberculosis of intestines 

333 

3 24 

52 

48 

00 

36 

transfusion 
Liver and iron 

114 

Tuberculosis of intestines 

2 76 

3 33 

43 

52 

06 

40 

Liv er and iron 

115 

Aplastic anemia 

128 

195 

28 

42 

04 

24 

Liver and iron 

IIG 

Aplastic anemia 

124 

120 

31 

30 

02 

38 

Liver and iron 

117 

Pernicious anemia 

2 02 

3 94 

50 

82 

00 

50 

Liver evtract 

118 

Pernicious anemia 

1 5 

40 

35 

SO 

00 

15 0 

Liver extract 

119 

Syphilis 

2 23 

3 32 

30 

49 

40 

4 0 

Iron 

120 

Pellagra, syphilis 

3 09 

35 

58 

68 

10 

36 

Iron 

121 

Syphilis 

3 89 

38 

52 

66 

00 

20 0 

Iron* 

122 

Typhoid fever 

119 

4 52 

58 

86 

34 

02 

Liver and iron 

123 

Cirrhosis of liver 

3 36 

3 59 

45 

00 

1 2 

1 8 

Liver 

124 

Acute leukemia 

1 18 

1 23 

29 

29 

04 

58 

Liver and iron 

125 

Purpura hemorrhagica 

33 

52 

03 

90 

18 

81 

Transfusion 

126 

Cancer of stomach 

2 5 

2 25 

50 

52 

20 

22 

Liver extract 


The patient died 


Chlorosis There were four female patients with a chlorotic type 
of anemia who recovered promptly following the exhibition of iron 
The cause of these anemias was unknown, but we felt that relative 
starvation with respect to iron over a long period of time was probably 
lesponsible for them Two of the patients had gastric anacidity It is 
ell to remember that there is a small but definite group of cases of the 

28 Darling, S T , Barker, M A , and Hacker, H P Hookworm and 
Malaria Research in Malaya, Java and Fiji Islands Report of Uncinariasis Com- 
mission to Orient, 1915-1917, New York, Rockefeller Foundation, International 
Health Board, 1920, publication 9 
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simple type of anemia resembling the so-called chlorosis which occurs in 
both sexes, is associated with gastric anacidity, occurs at all ages, has 
a tendency to recur, and is improved by giving large doses of iron 
Such cases have been adequately described by Faber and Gram Mettier 
and Minot also desciibed cases of chlorotic anemia associated %\ith 
disturbances in gastric secretion responding to iron therapy In many 
of these patients the dietaiy habits aie of impoitance Some of them 
show an mciease m reticulocytes duiing lecovery, and we have noticed 
that this response is more marked if there is an increase of the total 
red cell count as well as of the hemoglobin 

Splenic Anemia One patient, who had had a splenectomy five 
years before coming under observation a second time, was observed 
with a chlorotic type of anemia which improved following the adminis- 
tration of iron (case 103) The spleen had been removed on account 
of splenomegaha with leukopenia and anemia This patient had i emamed 
well until shortly before the second admission to the hospital At the 
time of her readmission, gastric anacidity was present and disappeared 
following recovery from the anemia 

This observation was of interest to us in view of some of the cases 
of so-called splenic anemia reported by Hanrahan®^ He pointed out 
that splenectomy was only of temporary therapeutic value in many 
patients with this syndrome, and that anemia recurred m a number 
There were two other patients who had had a splenectomy for 
splenic anemia and showed no improvement of the anemia following this 
procedure Three other patients with a similar syndrome were given liver 
or iron No improvement followed the feeding of liver in one, and only 
slight improvement followed the use of iron in the other two 

Tuberculosis of the Intestines In a previous communication by 
Keefer, Huang and Yang it was pointed out that the patients with 
intestinal tubeiculosis of the ulcerative type and anemia weie those who 
had diarrhea or constipation alternating with diarrhea It was concluded 
that the process interfering with nutrition, together with the disturbances 
in appetite, probably accounted for the anemia When similar patients 
were given liver and iron, no improvement of the anemia occuried The 
improvement in case 112 was due to a transfusion of blood 

In our experience, no improvement of the anemia was observed when 
liver and iron were exhibited to patients with aplastic anemia, acute 

29 Faber, K , and Gram, H C Relations Between Gastric Achylia and 
Simple and Pernicious Anemia, Arch Int Med 34 658 (Nov ) 1924 

30 Mettier, S R , and Minot, G R The Effect of Iron in Blood Formation 
as Influenced by Changing the Acidity of the Gastric Contents m Certain Cases 
of Anemia, J Clin Investigation 7 510, 1929 

31 Hanrahan, E M Splenic Anemia A Study of End-Results with and 
without Splenectomy, Arch Surg 10 639 (March) 1925 

32 Keefer, Huang and Yang (footnote 18 first reference) 



556 


ARCHIVES OF INTERNAL MEDICINE 


leukemia, cirrhosis of the liver, anemia associated with syphilitic infec- 
tion or chronic nephritis 

The patient who developed anemia following typhoid fever without 
hemorrhage was interesting in that he was unable to take large amounts 
of food during the course of his illness because of vomiting and the 
presence of a persistent diarrhea associated with an amebic dysenteric 
infection As a result anemia and edema developed late in the course 
of the disease, and the patient recovered from both conditions when 
he was able to take an adequate diet 

Nothing has been added to our knowledge of the anemia of typnoid 
fever since Thayer’s complete review of the subject a number of 
years ago Its cause is obscure although Longcope described changes 
of an aplastic nature in the bone marrow of these patients When one 
studies the cases of patients with typhoid fever who have been treated 
by the administration of large amounts of food instead of by the method 
of starvation during the course of the disease, anemia without intestinal 
hemorrhage is infrequently observed Many of the complications 
described m the older literature as occurring during typhoid fever, such 
as anemia, polyneuritis, transitory ascites and the various ocular com- 
plications, should be reviewed m the light of our present knowledge 
regarding the influence of malnutrition in producing such changes m 
the tissues 

RESULTS OF TREATMENT 

The results obtained with various forms of treatment are summarized 
in chait 3 It is clear that conspicuous increases in the regeneration of 
the hemoglobin weie obtained in many cases with various forms of 
therapy, and it is also evident that no demonstrable effect was obtained 
m other cases following the same form of treatment The most striking 
results weie seen aftei the administration of iron or of liver supple- 
mented with iron From the chait it appears that the results obtained 
following the admimsti ation of iron were as noticeable as those following 
the administration of liver and iron In some cases this was true How- 
ever, when individual cases were studied it could be shown without doubt 
that the regeneration of the hemoglobin was greater in some cases fol- 
lowing the exhibition of liver and iron than when either was given alone 
This IS illustrated m chart 4 It is obvious from these cases that if the 
regeneration of hemoglobin were occurring following the use of liver 

33 Thajer, W S Two Cases of Post-Typhoid Anemia, Johns Hopkins 
Hosp Rep 4 83, 1894 , Observations on the Blood in Typhoid Fever, Bull 
Johns Hopkins Hosp 8 47, 1899 

34 Longcope, W T The Bone Marrow in Typhoid Fever, Bull Ayer Clin 
Lab, Pennsjdvania Hosp 2 1, 1905 

35 Zia, S H Typhoid Fever A Clinical Study of 256 Cases in Peking, 
Nat M J, China 14 105, 1928 
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or iron, the late of increase could be accelerated by adding the other 
substance On the other hand, in some cases, when no response ttas 
demonstrable following the use of liver, the addition of iron was fol- 
lowed by improvement 

It is deal therefore, that the maximum effect may be obtained m 
some cases following the administration of liver and iron, whereas in 
otheis. It follows the administration of iron or liver alone 



Chart 3 — The rate of regeneration of the hemoglobin following various forms 
of treatment From this chart it appears that iron may produce as good results 
as Iner and iron This is not true in all cases (see chart 4) 

The lesults obtained with various forms of treatment we have studied 
may be discussed in greater detail 

The Value of Liver — We^® have found liver to be of value in the 
tieatment foi posthemoirhagic anemia, anemia resulting from faulty 

36 Keefer, C S , and Yang, C S The Value of Liver and Iron m the 
Treatment of Secondary Anemia, J A M A 93 575 (Aug 24) 1929 Yang, 
C S , and Keefer, C S Liver and Iron in the Treatment of Secondary Anemia, 
Nat ll J , China 15 721, 1929 
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diets and in some of the anemias associated with pregnancy, infestation 
due to hookwoim and with dysentery We have not been able to dem- 
onstrate that it is potent in increasing the legeneration of hemoglobin 
in patients with anemia associated with tuberculosis of the intestines and 
diarihea, nor in aplastic anemia, the anemia of kala-azar and other 
anemias when complicated by intercurrent infections The daily rate of 



Chart 4 This chart illustrates the regeneration of the hemoglobin in patients 
(each line represents an individual patient) who received liver and then liver and 
iron The solid dots represent the response to liver and the circles the results 
when iron was added In some cases iron was given before liver was added The 
squares indicate the response following the administration of liver extract It is 
apparent that in some cases combinations of liver and iron are more effective than 
either one alone 

the regeneration of hemoglobin that we have observed following liver 
therapy in all forms of anemia is summarized in chart 3 

The results of feeding liver in the various anemias aie in agree- 
ment with the observations of other observers, and the question has 
been subjected to a critical review by Vaughan She pointed out that 
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ti eatment with liver was most effective in pernicious anemia and in some 
of the anemias associated with pi egnancy and so-called sprue She also 
stated that it was potent m posthemorrhagic anemia and some of the 
obscure nutritional anemias From her observations and the review 
of the lepoited cases, she concluded that liver was probably most 
effective m the anemias associated with a hyperplastic bone mairow, but 
the reason for its ineffectiveness m other cases was not clear It is evi- 
dent, theiefore, that liver is of value m the treatment for some forms 
of anemia, but it cannot be denied that it is of no demonstrable value 
111 the treatment for others This is the expeiience of all obseivers 
These failures have been attributed to vaiious factors, such as the 
presence of infection, the feeding of insufficient quantities of liver, oi 
giving it over too shoi t a period of time, or to a difference in the funda- 
mental disturbance that exists m the different anemias There is 
considerable evidence that all of these factors are of importance m 
explaining many of the failures observed To give better correlation, we 
shall review this evidence briefly 

It will be admitted generally that many infections cause inci eased 
destruction of blood cells and also inhibit the formation of blood The 
explanation for this phenomenon is not clear There are certain infec- 
tions, however, m which an anemia may be improved following the use 
of liver or liver extract, in spite of the persistence of infection We 
observed such responses in some patients with anemia associated with 
chronic dysentery, so that infection may be only one factor in explaining 
the inhibition of the formation of red cells when it is associated with 
an anemia We demonstrated that other factors such as deficient diets 
are of importance m many such cases 

Besides the inhibitory effect of infection on the formation of blood 
following the admimstiation of liver, it has been stated that the failure 
to observe positive responses is due to the feeding of inadequate amounts 
of liver over too short a period of time At the present time, the amount 
of liver that is necessary for the maximum output of hemoglobin m the 
forms of anemia m which it is effective is unknown It is to be noted, 
however, that at least 300 or 400 Gm must be given daily and for a 
period of at least two weeks before a failure can be recorded While it 
IS undoubtedly true that inadequate doses of liver may account for many 
of the observed failures, it is not the case m all, because we have observed 
negative responses to liver therapy when the dose has been large, but 
positive responses in the same patients when iron was given While it 
would appear that infection and inadequate dosage of liver are respon- 
sible for some of the failures observed, there remain other factors which 
are incompletely understood 

The most likely explanation for this varying response is the difference 
m the fundamental distmbance existing in different anemias It is now 
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evident from the experimental work of Whipple and Rohscheit-Robbins, 
and others, that there are a number of factors which influence the 
legeneration of the blood, and a disturbance of one or more of these 
factors will result in anemia These observations are being confirmed 
in the anemias in man as information accumulates In discussing the 
fundamental differences existing in some of the anemias, such as perni- 
cious anemia, which responds in a spectacular way to the feeding of 
liver, and other forms of anemia which do not show such remarkable 
improvement, Whipple, Robscheit-Robbms and Walden advanced the 
following points In pernicious anemia there is a faulty construction or 
a lack of the constituents that form the stroma of the led cells, and no 
deficit of the hemoglobic pigments When liver is fed to these patients, 
the missing element necessary for the maturation of led cells and the 
constituents that form stroma of the red cells are supplied, and lecoveiy’’ 
occurs piomptly In the case of the so-called “secondary” anemias, they 
postulate that there is a deficit of pigment-pioducmg substances of which 
there are organic and inorganic elements, and recovery in these anemias 
will not occui until these substances aie supplied in the diet In other 
words, they are of the opinion that both pernicious anemia and many of 
the so-called secondary anemias are due to a deficiency of substances 
necessary for the foimation of red cells and hemoglobin, and recovery 
will not occur until the necessary substances are supplied If one accepts 
the fact that the liver and the kidney supply a maximum amount of sub- 
stances most suitable for the formation of red cells and hemoglobin, and 
that both forms of anemia mentioned are due to a deficiency of these sub- 
stances, it IS difficult to understand why spectacular results do not occur 
m all cases of anemia when livei is fed The explanation offeied by 
Whipple, Robscheit-Robbms and Walden is that it is difficult for 
patients with secondary anemias due to lack of pigment-producing sub- 
stances to take the required amount of liver which produces spectacular 
lesults In other words, it is a matter of quantitative factors, and it 
would appear that the liver and the kidney contain more stroma-buildmg 
substances than pigment-buildmg materials 

In the main, we are in agreement with these conclusions and feel that 
the explanation offered for the difference in response to liver serves as 
an excellent working hypothesis in the study of the various anemias in 
man Certain facts, however, are of importance First of all, if one 
excludes the cases in which there are factors inhibiting the effect of 
liver, such as infection or damage to the bone marrow, there remain 
other cases which fail to respond to liver but respond to iron On the 
other hand, in other patients with secondary forms of anemia the 

37 Whipple, G H , Robscheit-Robbms, F S , and Walden, G B Blood 
Regeneration in Severe Anemia Liver Fraction Potent in Anemia Due to Hemor- 
rhage, Am J M Sc 179 628 (May) 1930 
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response to livei may be as spectaculai as that observed in pernicious 
anemia, and improvement may occur rapidly As a result of these obser- 
vations, It has been pointed out previously that some of the clinical 
anemias were probably due to a lack of iron, whereas others were due 
to a lack of substances found in the liver or the kidney, and m still 
others both substances were lacking If these ideas weie expiessed in 
the teinis used by Whipple and Robscheit-Robbins, it would be stated 
that m some anemias, the deficiency is due to a lack of stroma-building 
substances (pernicious anemia) , in others to a lack of pigment-building 
mateiials, and in others, to a lack of both stroma-building and pigment- 
building substances 

One of the difficulties in drawing conclusions from any clinical study 
at the present time lies in our lack of information regarding quantitative 
factors and in our inability to classify the anemias in man in any way 
other than by the results obtained following treatment It is impossible 
to pi edict in a given case whethei the anemia will respond to liver alone, 
iron alone, or to a combination of both Further study is needed before 
these questions can be settled 

The Value of lion — It is now generally acknowledged that iron is 
potent in increasing the regeneration of the hemoglobin in many forms 
of anemia The experimental evidence supporting this statement was 
1 eviewed recently by Robscheit-Robbms Whipple and Robscheit- 
Robbms designated the lesponse obtained by iron and certain othei v 
metals such as copper as the “salt effect,” and they found that the 
maximum output of hemoglobin may be observed in dogs after feeding 
60 mg of iron a day and that additional amounts of iron do not cause 
an inci eased output of hemoglobin 

The recent studies of Mettier and Minot, and Keefer, Huang and 
Yang indicated that iron is of value in the treatment for many of 
the chlorotic types of anemia, posthemorrhagic anemias, some of the 
anemias due to malnutrition, pregnancy and infestation produced by 
hookworm The dose of iron that produces the maximum output of 
hemoglobin in man, when it is effective, is unknown We were able to 
show that a positive effect could be pi oduced in some patients by 90 mg 
a day, but at that time we did not have a sufficient number of observations 

38 Robscheit-Robbms, F S Regeneration of Hemoglobin and Erythrocytes, 
Physiol Rev 9 666, 1929 

39 Whipple, G H , and Robscheit-Robbms, F S Blood Regeneration m 
Severe Anemia XVI Optimum Iron Therapy and Salt Effect, Am J Physiol 
92 362, 1930 

40 Mettier, S R , and Minot, G R The Effect of Iron on Blood Formation 
as Influenced by Changing the Acidity of the Gastric Contents m Certain Cases 
of Anemia, J Clin Investigation 7 510, 1929 

41 Keefer, C S , Huang, K K , and Yang, C S Liver Extract, Liver Ash, 
and Iron m the Treatment of Anemia, J Clm Investigation 9 533, 1930 
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to determine the minimum eftective dose of iron m the vai lous anemias 
It was clear, however, that the optimum dose of iron varied m different 
forms of anemia so that if a positive eftect is to be obtained large doses 
must be given 

When a positive effect was obtained following the administration of 
iron, the reticulocytes usually increased In most cases, the increase at 
the peak of the rise was inversely proportional to the total number of 
red cells present before the beginning of treatment There were excep- 
tions to this rule, but they were observed usually m patients whose blood 
showed a low color index 

The Value of Lwer Ash — The inorganic constituents of liver, when 
given in the foim of liver ash, have been found to be effective in increas- 
ing the regeneration of hemoglobin and red cells in dogs with posthemor- 
ihagic anemia, and m the nutritional anemia of rats Elden and 
McCann reported the preliminary phenomenon of a i emission when it 
was exhibited to a patient with pernicious anemia, but complete recovery 
did not ensue until liver extract (Lilly, no 343) was given A small 
group of ten patients with anemia was studied following feeding with 
livei ash It was given m amounts equivalent to 300 Gm of whole liver 
a day, and on chemical analysis this amount contained 21 mg of iron 

The results following the use of liver ash were never striking, but 
nhen the same patients were given iron m the form of ferrous carbonate 
in doses ranging between 90 and 480 mg a day, a positive effect could be 
demonstrated by an increase m the reticulocytes and in the rate of the 
regeneration of the hemoglobin 

The results are summaiized in chart 5 It is certain that iron was 
more efficacious than the liver ash 

The reason for our failuie to observe positive effects following the 
use of liver ash was probably due to the small amount of iron contained 
m It, since we have shown that positive effects from iron therapy may 
be obtained m some patients with 90 mg or more a day 

The Value of Livei and hon — The results obtained in the regen- 
eration of hemoglobin following the use of liver and iron are plotted 
in chart 3 It may be observed that the results obtained from the feed- 
ing of iron were as striking as those obtained following the administra- 
tion of Iwer and iron, and in many cases this was true However, 
because many of these patients received liver and iron together from 
the beginning of the observations it was impossible to separate the effect 
of the iron from that of the liver, and the results are misleading In the 
cases m which the effect of the iron could be separated from that of 

42 Elden, C A , and McCann, W S Effect of Ash of Liver on Blood 
Regeneration in Pernicious Anemia, Proc Soc Exper Biol & Med 25 746 
(June) 1928 


KEEFER-YANG—SECONDAR Y ANEMIA 


563 


the liver, due to the fact that each substance was given alone for a period 
of time varying from ten to fourteen days, it was shown that the effect 
of liver could be enhanced by iron This was illustrated in chait 4 
It may be seen that m many cases the results were more striking fol- 
lowing both than when either was given alone In some instances theie 
was no response following the ingestion of liver, but an excellent 
response following iron 



Chart 5 — This chart illustrates the difference in the regeneration of the hemo- 
globin following treatment with liver ash and iron The lower dots represent the 
daily rate of regeneration of the hemoglobin following the administration of liver 
ash in amounts equal to 300 Gm of whole liver This amount contained 21 mg 
of iron The upper dots represent the response following larger doses of iron 
The two cases at the extreme right illustrate the difference in regeneration of the 
hemoglobin following 180 mg and 480 mg of iron a day 

It IS evident, therefore, that in some anemias, at least, liver and iron 
given 111 combination are more effective than vhen either one is given 
alone There are other cases m which the maximum effects may be 
obtained with iron alone or liver alone 




564 


ARCHIVES OF INTERNAL MEDICINE 


Value of Livei' Ext} act and hon — ^What we have said regarding 
whole liver and iron also applies to liver extract and iron That is to say, 
in some cases, maximum responses may be obtained with liver extract and 
iron, and in others with iron alone We have found liver extract potent 
in some of the nutritional anemias of childhood, in some anemias 
associated with chronic dysentery, pregnancy and infestation due to 
hookworm It has been of little demonstrable value in posthemorrhagic 
anemia 

THE RESPONSE OF THE RETICULOCYTES 

One of the best methods of determining the activity ^^f the bone 
marrow and the efficiency of any form of treatment foi the various 
anemias is the study of the response of the reticulocytes Minot 
and Murphy first emphasized this method of study in evaluating 
treatment with liver m pernicious anemia, and later the same method 
was used in testing the potency of liver extract in the same disease 
They found that the height of the increase in reticulocytes depended 
on the level of the red cell count and the dosage of liver extract That 
IS to say, the lowei the red count before treatment and the larger the 
dose of liver or liver extract, the higher the reticulocytes increased 
at the peak of the nse 

In a previous study of fifty-eight cases of secondary anemia, we^^ 
found that the increase of the reticulocytes varied with the type of treat- 
ment, the level of the red blood count before treatment was begun and 
the cause of the anemia 

The reticulocyte i espouses observed in the present cases have been 
tabulated in the tables and summarized m charts 6 and 7 Chart 6 
illustrates the highest reticulocyte count observed in all of the cases 
when plotted against the number of red blood cells before the beginning 
of therapy Chart 7 illustrates the highest number of reticulocytes 
obseived in the patients who recovered regardless of the treatment 
employed It appears from this chart that the lower the red blood 
count before the beginning of treatment, the greater the reticulocyte 
response during lecovery There are, however, a number of exceptions 
to this statement which lequire further comment 

In the posthemoirhagic anemias, increases in the reticulocytes were 
not observed following the ingestion of liver extract, and in some cases 
the reticulocytes did not increase following transfusions of blood In 

43 Minot, G R , and Murphy, W P Treatment of Pernicious Anemia by a 
Special Diet, J A M A 87 470 (Aug 14) 1926, A Diet Rich in Liver in the 
Treatment of Pernicious Anemia, ibid 89 759 (Sept 3) 1927 

44 Yang, C S , and Keefer, C S The Response of the Reticulocytes in 
Secondary Anemias Following Various Forms of Treatment, Arch Int Med 45 
456 (March) 1930 
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one case, iron, and in another, liver and iron, caused no increase in 
spite of recovery In others, the reticulocytes increased during recovery 
following the administration of liver and iron, the transfusion of blood, 
or the use of iron alone 



Chart 6 — The reticulocytes at the peak of the rise m all patients regardless of 
whether or not they recovered 
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Chart 7 — The reticiilocj tes at the peak of the rise m the patients who 
recovered 


In the cases of anemia resulting from chronic dysentery, slight 
responses were observed in some patients following transfusion, or 
when the recovery occurred slowly without any special therapy, or 
when no improvement was observed due to the severity of the infection 
In the cases in which prompt recovery from the anemia followed 
adequate diets or special therapy such as the administration of liver 
and iron, the i eticuloc3des were increased 
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In the anemias resulting from malnutrition, from infestation due to 
hookworm and from pregnancy, inci eases in the reticulocytes were 
observed regularly except when transfusion of blood was employed, 
or when the recovery was slow 

In kala-azar, the increase m reticulocytes during recovery was slight 
except m two patients who had comparatively recent infections These 
observations illustrate that when there are pathologic processes in the 
bone marrow, such as those observed in kala-azar, the reticulocytes may 
not appear m the circulating blood in greater numbers 

In the cases listed under miscellaneous anemias, increases were 
noted when recovery occurred, but were usually only slight when no 
impiovement was observed Occasionally conspicuous increases m the 
reticulocytes were seen without any improvement m the anemia In 
these cases, there was usually a severe infection such as tuberculosis 
of the intestine which was fatal 

In summary, then, our experience has shown that the reticulocytes 
ma} increase during lecovery from many forms of anemia, and that 
the more severe the anemia, the higher the reticulocyte count at the 
peak of the rise On the other hand, increases in the reticulocytes may 
not be observed following transfusion of blood, or in cases in which 
there is a disorder of the bone mairow such as occuis m kala-azar 
In patients with a low color index there may be no increase m the 
reticulocytes if recovery is slow, and the erythrocyte count remains 
stationary If, on the other hand, there is an mciease of both the 
erythrocytes and the hemoglobin during recovery, the reticulocytes may 
increase Furthermore, if the reticulocytes have increased to a maxi- 
mum before treatment is begun, a further use may not be obseived 
Similar observations have been made by Minot and Murphy in patients 
with pernicious anemia 

SUMMARY AND CONCLUSIONS 

In a stud}- of the treatment in 126 cases of anemia due to various 
causes, the following facts were evident 

1 The recoveiy from anemia due to chronic loss of blood may be 
accelerated following the administration of liver and non In some 
cases, transfusion of blood was necessary owing to the severity of the 
anemia Continued loss of blood in small amounts and sepsis letard 
recovery 

2 Anemias lesultmg from inadequate or faulty diets were often 
associated with the avitaminoses or other deficiency disorders Many 
of these patients recovered following a well balanced diet and in 
some regeneration of the hemoglobin was accelerated by the use of 
liver or iron 
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3 The anemia associated with chronic d>senteiy usually appealed 
in patients who had been on inadequate diets, and who had had active 
dysentery for two months or longer Hemorihage, infection and gastric 
anacidity played a minor role m the production of the anemia In the 
gioup as a whole, all of the clinical features that are said to be 
characteristic of pernicious anemia were obseived, including atrophy of 
the lingual papillae, subacute combined sclerosis, gastric anacidity and 
anemia responding to liver extract These observations lend suppoit 
to the hypothesis that pernicious anemia is a deficiency disease 

4 Anemia associated with infestation due to hookwoim may be 
cured with iron, or liver and iron, while the patients continue to cairy 
the woims Malnutrition and faulty diets are important factois m 
predisposing such patients to anemia 

5 Women with the anemias of piegnancy recover following the 
transfusion of blood or following the administration of hvei and iron 
In some cases, iron alone is positive, m others, liver or liver extract 
IS potent m increasing the rate of recover} 

6 Recovery from the anemia associated with kala-azar may be 
extremely slow in spite of treatment with antimony compounds, tians- 
fusions of blood and ingestion of liver and iron In this condition it 
appears as if the damage to the bone marrow were responsible for the 
anemia ' 

7 When recovery occurred in many of the foregoing types of 
anemia, the reticulocytes were increased Generally speaking, the 
number of reticulocytes depends on the level of the fed cell count at 
the beginning of the treatment, although there were exceptions in cases 
in which one observed relatively large increases in reticulocytes with 
a high red blood cell count In most of these cases the hemoglobin 
content was low In other cases an increase m the reticulocytes was 
not observed following treatment In some of these cases the reticulo- 
cytes had been increased before treatment was begun, in others, they 
were never increased 

8 When liver ash was given in amounts equivalent to 300 Gm of 
whole liver a day, containing 21 mg of iron, striking results were not 
observed In several instances, there was a moderate increase in the 
hemoglobin, red blood cells and reticulocytes, and this response was 
usually observed in patients who subsequently recovered promptly on 
larger doses of iron 

9 In some cases of anemia, liver and iron were more effective than 
when eithei one was given alone In others, the maximum effect was 
observed following the use of iron 

10 Liver extract was of demonstrable value in some of the nutri- 
tional anemias of childhood, some of the anemias associated with preg- 
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nancy and in chronic dysentery It was of little value in posthemoi- 
rhagic anemia 

11 From our observations, it was not possible to predict in every 
case which foim of treatment would be most beneficial If complete 
recovery is not observed m patients following the use of iron, liver 
should be added In many patients who do not respond to bvei or iron, 
there is usually an adequate cause to explain their failure Infection and 
pathologic processes of the bone mairow are of the greatest importance 
The response in the various clinical anemias following the ingestion of 
food substances othei than liver, kidney or iron needs further inves- 
tigation 
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OMAHA 

Myotonia atiophica oi dysti opliica is one of the laiei toiins of 
myopathy, which, m addition to the typical myotonia, is chai actei ized 
by the following conditions (1) onset usually in the thud decade, (2) 
limitation of the myotonia to special groups of muscles, namely, those 
of the hands, the tongue and the legs, (3) t)pical distiibution of the 
atiophy to the face, the sternocleidomastoid muscles, the hand and 
the foieaim and the muscles of the leg, (4) geneial emaciation, (5) 
baldness, (6) testicular atiophy, (7) cataract, (8) defect in speech, 
(9) combination with ataxia and Westphal’s sign ^ 

The etiology of this disease is obscuie Naegeli - legaided the 
pathogenesis of the disease as originating in a polyglandular distui- 
bance, piesumably with a marked hereditaiy predisposition This relation 
to endocrine involvement was also assumed by Baikman^ and others, 
though the evidence for this is moie ciicumstantial than diiect The 
occurrence of primary cataracts, testicular atiophy oi hypogenitalism 
in the female, together with atrophic changes in the skin, is usuallj 
cited as favoring an assumption of glandulai distiiibance as the basis 
of this peculiar condition, which manifests itself in an inci eased and 
persistent tonus of the flexor muscles, particularly those of the extiemi- 
ties and of the face 

REPORT or A CASE 

Histojy — Mr R R, aged 28, who was born m America of Swedish parents, 
first noted the development of progressive muscular weakness following an inguinal 
Iierniotomy on the left side, which was performed m 1926 This operation was 
followed by atrophy of the left testis When the patient entered the Universitj 
Hospital m Februar}'^, 1930, the musculature m the limbs and also m the face and 
neck w'as greatly reduced, giving him the typical “hatchet face,” “polelike neck” 
and “pipestem extremities” of patients wuth myotonia He had lost the knee 

Submitted for publication, Jan 19, 1931 

’"From the Department of Biochemistry and the Universit}'^ Hospital Uni- 
versity of Nebraska College of Medicine 
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jerk, and the atiophy of the legs was advanced far enough to produce drop foot 
and the characteristic steppage gait The ability to relax the muscles was con- 
siderably diminished, which was well shown m the difficulty he experienced in 
letting go after gripping something with his hand 

He had lost only about from 7 to 8 pounds (3 2 to 3 6 Kg ) The Wassermann 
test gave negatne results, and the past history was unimportant, except for some 
diseases of childhood, influenza and a mild attack of smallpox in 1918 The family 
history gave no evidence of a possible hereditary etiology 

Ophthalmoscopic examination showed fine opacities in the lens, more marked 
at the periphery Examination of the blood showed 4,680,000 red cells, 7,000 white 
cells and 85 per cent hemoglobin Studies on the basal metabolism repeated on 
two occasions showed rates of — 13 and — 14 per cent, respectively 
Urinalysis gave negative results for albumin and sugar 

The analysis of the blood made on two different occasions ga\e the results 
showm in table 1 

In addition to the determinations made on the whole blood, the calcium serum 
was found to be 11 mg per hundred cubic centimeters and the inorganic phos- 
phorus, 3 5 mg 


Table 1 — Results of Analysis of the Blood of a Patient with Myotonia Atiopinca 



First Analysis, 

Second Analysis, 


Jig per 100 Cc 

Mg per 100 Cc 

Nonprotein nitrogen 

39 0 

34 0 

Sugar 

90 0 


Creatinine 

1 5 

1 7 

Creatine 


42 

Uric acid 


4 4 

Lactic acid 


30 9 


In view of the fact that even mild excitation would cause the lactic acid of 
the blood to rise above the normal level, nothing m the chemical picture of the 
blood of the patient threw any light on the pathogenesis of the condition 

For nearly a month the patient was kept on a carefully controlled diet during 
w'hich the creatme-creatmme excretion was studied ^ The specimens of urine 
were collected for every twentj^-four hours and preserved with thymol The 
specimens w'ere analyzed for the total content of nitrogen, creatinine, creatine and 
uric acid Organic acids were determined by the Van Slyke-Palmer method and 
also by the recent modification of this procedure by Greenwald ” 

The diet specially prepared in the kitchen of the hospital was selected so that 
equilibrium in the nitrogen content was maintained throughout the experiment, 
and the patient retained his weight of 57 Kg unchanged This diet, consisting 
of about 60 Gm of protein, 160 Gm of carbohydrate and 120 Gm of fat, fur- 
nished about 2,000 calories dail) The protein was given largelj"^ (60 per cent) 
as meat, but during some periods this was replaced by eggs and cheese m equiva- 
lent amounts During one period, this moiety of the protein was furnished by 
gelatin 

The results of this metabolic study are summarized m table 2 The excretion 
of nitrogen w'as fairly constant from day to day, and, except during the days 

4 Miss Fritschel, the dietitian, personally supervised the patient’s dietary 
throughout the whole experiment 

5 Greenw'ald I T Biol Chem 85 447, 1930 
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when creatine \\as administered, the amount averaged about 7 3 Gm During the 
twelve days of the preliminary study (fore-periods), though during half of this 
time no meat was consumed, the output of creatinine nitrogen was practically 
unchanged, constituting about 3 72 per cent of the total urinary nitrogen The 
average daily excretion of creatinine was 0 753 Gm During the last ten days of 
the experiment (after-periods), the daily variations were somewhat greater, but 
the creatinine nitrogen still constituted 3 78 per cent of the total excretion of 
nitrogen The creatinine coefficient of our patient, being 13 4 mg per kilogram 
of Aveight, is definitely low for the age of the patient and approaches more nearly 
that of a child However, the patient showed persistent creatinuria and, if the 
total elimination of creatinine is taken into consideration, the total daily excretion 
of 23 mg per kilogram of body weight is an entirely normal coefficient for a 
person of that age Therefore, it w'ould seem that the chief abnormality of the 
creatine-creatmme metabolism of the patient was the inability to convert creatine 
to creatinine Thus, part of the creatine, about 43 per cent, appeared in the urine 
unchanged, but the metabolism of the total amount of creatine was not appreciably 
affected 

The exogenous origin of some of the urinary creatine is obvious when one 
compares the results of a diet m which meat was the essential source of protein 
with those of a diet in which creatine-free foods w’ere substituted for the meat 
The decrease m the creatinuria during the second, and especially during the third, 
fore-period is notable Howevei, the feeding of a protein rich in arginine (gelatin), 
which was done in the period from April 3 to April 6, had no influence on the 
output of either creatinine or creatine, which had actually diminished during that 
period 

Having established definitely during a preliminary study extending over twelve 
da\s the creatine-creatmme excretion of the patient, we gave him 132 Gm of 
creatine-hydrate, equivalent to 1 Gm of creatinine, by mouth on three consecutive 
days The excretion of creatine on those days was greatly increased, constituting 
nearly 62 per cent of the total creatinine content in the urine During the first 
day, 1 049 Gm of extra creatinine was excreted in the urine, of which 20 per cent 
was m the form of extra preformed creatinine During the second day, for an 
undetermined cause, unless the reduced output of urine may be considered 
responsible, only a little more than 80 per cent of the ingested creatine had been 
eliminated, a much smaller proportion of wdiich (less than 5 per cent) w'as in 
the form of extra creatinine This retention, however, was only temporary and 
w'as fully accounted for by the creatine eliminated in the next tw^enty-four hour 
period In this third period, again, about 20 per cent of the total extra excretion 
was in the form of preformed creatinine Taking 0 753 Gm as the average daily 
excretion of creatinine, the average excretion on the three days when creatine 
was fed (0 928 Gm ) showed an increase of 0175 Gm , or 23 2 per cent, per day 
The daily excretion of creatine likewuse increased from 0 553 Gm to 1 444 Gm , 
or 0891 Gm The increase m the total excretion of creatinine resulting from 
feeding creatine equivalent to 1 Gm of creatinine was thus 1 066 Gm In other 
w'ords, the creatine fed is recovered m the urine eliminated within a period of 
twentj-four hours, whereby 16 6 per cent seems to be converted to creatinine, 
while 83 4 per cent is eliminated unchanged 

We purposely limited the oral administration of creatine so as not to overtax 
the organism’s ability to metabolize it, but even such a small amount was elim- 
inated practically quantitatn ely in the course of the day, and had no effect on 
the creatme-creatinme excretion in subsequent periods The excretion of uric 
acid was somewffiat increased during the days when creatine w'as fed Probably 
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the most striking effect was shown by the stud> of the excretion of organic 
acids Although the results do not permit us to dra\\ any definite conclusion as 
to the influence exerted by the feeding of creatine on the absolute amount of 
organic acid m the urine, a distinct difference appears t\hen the organic acids 
are determined either by the Van Slj'ke-Palmer method or h\ the Greein\ald = 
modification of that method The results obtained by these A\o procedures %aried 
considerabh But \\hereas during the twehe dajs of the fore-period and the ten 
days of the after-period the difference in the daily excretion of organic acid, as 
determined by these two methods, averaged between 78 and 59 cc of tenth-normal 
acid, respectively, during the three dajs when the creatine was fed, the difference 
was only 13 cc 

COMMENT 

The persistent creatinuria observed in otii patient is similar to that 
described in several other cases of m)^opath} Levene and Kiisteller*^ 
found creatinuria in patients with muscular dystroph} , and Bodansk} , 
Schwab and Brindley ' in a case of mj ositis fibrosa Howe\ er, Burgei ® 
found a much less pronounced creatinuria in his several patients on 
a strictl} cieatine-free diet 

In new of the diminution in the excretion of creatinine, the coeffi- 
cient f 01 creatinine, as obser\ ed by Gibson, Martin and Buell ® and 
others, likewise tends to become very low" How^ever, the coefficient 
for the total creatinine content, as we have determined for our patient, 
ma} actually remain normal m spite of the fact that the coefficient for 
preformed creatinine is unusually low" Indeed, Burger ® maintained 
that the coefficient for the total creatinine content is low only in patients 
whose musculature is undergoing massive i eduction, as in progressne 
d}stioph}, w"hich serves to differentiate this disease from various other 
types of myopathy in w"hich the coefficient for the total creatinine 
content remains high or practically normal 

The outstanding fact in this study w"as the inabiht} of the patient 
w"ith 111) otonia atrophica to retain and to store exogenous creatine In 
the normal adult, small doses of administered creatine are completely 
retained, as show"n by the w"ork of Folin,^*’ Myers and Fine,^^ and Rose 
and Dimmitt Our patient, however, was unable to retain a similar 
dose of creatine, and it w"as eliminated quickly through the urine 

6 Levene, P A , and Kristeller, L Am J Physiol 24 . 45, 1909 

7 Bodansk\, M , Schwab E H and Brmdle^, P J Biol Chem 85 307 

1929 

8 Burger, Ztschr f d ges exper ^led 9 361, 1919 

9 Gibson, R B , Martin, F T, and Buell M A Ivfetabolic Stud\ of 
Progressive Pseudohypertrophic Muscular D\stroph> and Other Muscular 
Atrophies, Arch Int !Med 29 82 (Jan ) 1922 

10 Folin, O Festskr f Olof Hammarsten Upsala lakaref Forh , 1906, pt 3 

11 Mjers, V C, and Fine S J Biol Chem 21 377, 1915 

12 Rose W C , and Dimmitt F W T Biol Chem 26 345, 1916 
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This inabilit} to fix creatine has been noted in ^a^lous conditions 
invohnng the muscular s} stem Thus, Po^\ is and Raper and Ziegler 
and Pearce^’ found the same condition in children with am}otonia 
congemta, Gibson and IMartin,^" in a -woman ^Mth pseudoh) pertrophic 
d}Stroph3, and Bodansk} and his associates,' in a bo}* 15 }ears of age 
afflicted with generalized m3-ositis fibrosa Present knowledge of the 
existence m muscle of a labile compound of creatine -with phosphoric 
aad, -which hydrohzes readity m the course of muscular actiMt} and 
IS again res} nthesized, and its important role in muscular actnit} 
suggest that the inability of diseased muscles to retain or even to 
store temporanh- the exogenous creatine may be associated vith their 
inability to form this phosphagen compound 

In our patient the feeding of creatine called forth a definite and 
considerable rise in the unnari output of creatinine as much as 16 6 
per cent of the ingested creatine haiing been eliminated after comer- 
sion to creatinine It is generally recognized that such coniersion 
takes place in the muscles ■\\hich suggests, at least as a strong proba- 
bilit} that the mechanism for the creatine-phosphoric acid s}nthesis 
and the mechanism for the creatme-creatinine transformation in muscles 
are independent of each other In -view of the fact that the experi- 
mental work from the ^Meierhof school has shovn that the synthesis 
of phosphagen is close!} tied up \Mth the gh cogen metabolism of the 
muscle It -would seem that the inabilit} of the affected muscles to 
retain creatine is ultimately to be correlated with the more fundamental 
disturbance in the glucid metabolism and the lack of gh cogen 

SUMMARY AXD COXCLUSIOX 

1 In a patient vith miotoma atrophica, yIiosc diet -was carefulh 
controlled a persistent and marked creatinuria -\Aas present eien -when 
a practical!} creatine-free diet Mas used 

2 Feeding gelatin as the principal source of protein did not affect 
the amount of creatine eliminated in the unne 

3 Calculated on the basis of the total amount of creatinine excreted, 
the coefficient for creatinine had a normal ^alue, though the coefficient 
for preformed creatinine -w as ver}* low 

4 The concentration of creatine and creatinine in the blood of 
tills patient vas entirely -ivithin the normal range In fact chemical 
anal} sis of the blood re\ ealed nothing unusual 

13 Po-iMs F and Raper H S Biochem J 10 363 1916 

U Ziegler R. and Pearce X O J Biol Chera 42 581 1920 

15 Gibson R B , and Martin FT J Biol Chem 49 319 1921 
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5 A study o£ the excretion of uiic acid and organic acid disclosed 
no significant facts 

6 Administered cieatine is quickly and quantitatively eliminated 
through the urine, about 84 pei cent of the ingested creatine appearing 
unchanged and 16 pei cent appealing as creatinine 

7 The lesults of this experimental study indicate that the trans- 
foimation of cieatme to creatinine by the ati opined muscles is not 
affected, but that they aie apparently unable to retain and synthesize 
creatine to phosphagen The suggestion is made that the inability 
of the ati opined muscles to synthesize phosphagen, which was the most 
outstanding pecnhaiity of the metabolism of oui patient, is associated 
with the moie fundamental disturbance in the metabolism of glycogen 
of the muscles 



TUBERCULOUS MENINGITIS WITH SYPHILITIC 

jmeningitis terminating in recovery 


A RE\aEW or THE LITERATURE 
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PHILADELPHIA 

Tuberculous meningitis has been looked on as a disease that must 
end disastrously This fact, unfoitunatel}’-, has been emphasized so 
frequently that when one mentions a case that terminated m recoveiy, 
not only is the diagnosis automatically challenged, but there is a ten- 
denc}'^ to discard all the positive obseivations and question the laboratory 
technic However, a peiusal of the literature on this subject will con- 
vince the most pronounced skeptic that there is no law m the science 
of medicine that disbars the meninges from localizing and overcoming 
an infection of the tubercle bacillus, and that some patients do recovei 
from this disease It tuberculosis of other tissues and organs may 
subside, then why not tuberculosis of the meninges^ No doubt 
recoveries are rare, but the fact that some cases do terminate favorably 
should be recognized Because of the rarity of this unexpected result, 
we are presenting the following case 

REPORT OF CASE 

Histoiy — A colored man, aged 29, was admitted to the hospital on July 3, 1928, 
complaining bitterly of severe pains m the head The family history was irrelevant 
The patient had had gonorrhea m 1918 and a chancre in 1920 There was no 
history of pleurisy The present illness dated back four days when the patient 
complained of a headache beginning in the frontal region, with sharp pains going 
around the head and down the neck The frontal pain was sharp, shooting and 
continuous Dizziness, ringing m the ears and diplopia were present at the onset 
The patient was nauseated but did not a- omit until the third day of his illness He 
had been coughing for several months and occasionally had had blood-streaked 
sputum 

Examinalton — Examination revealed that the patient was fairly well nourished 
and well developed The expression of the face was indicative of acute pain The 
eyelids were tightly brought together to shut out the light The pupils were 
irregular and reacted sluggishly to light, the right eye was turned imvard, there 
was no ptosis of the lids The neck was rigid , a few small glands were palpable The 
heart sounds Avere regular but someAvhat impaired , no murmurs Avere heard Percus- 

* Submitted for publication, Feb 3, 1931 

* Read before the Section of Medicine, College of Physicians, Nov 24, 1930 

•^From the Medical Department, Jefferson Medical College, and the Medical 

Service of Dr S A Lowenberg, Philadelphia General Hospital 
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Sion was impaired over the upper part of the chest on the right side, the breath 
sounds were harsher than normal and were bronchovesicular , a few scattered rales 
could be heard m this area There was a generah7ed rigidity of the abdominal 
walls with a fairly marked hyperesthesia, the liver and spleen were not enlarged 
on percussion Examination of the extremities showed that Kernig’s and Brud- 
zinki’s signs were positive on both sides , Babinski’s sign could not be elicited The 
spinal fluid was examined and about 50 cc was removed, there was apparently no 
increase in pressure , the fluid was cloudy , there were no organisms , the cell count 
was 1,200, 56 per cent being polymorphonuclears and 44 per cent lymphocytes 
The blood count showed 4,900 leukocytes, 51 per cent polymorphonuclears, 44 per 
cent lymphocytes, 2 per cent eosinophils and 1 per cent basophils The blood sugar 
was 75 mg per hundred cubic centimeters of blood, and the urea was 14 mg The 
temperature was 100 F , the pulse rate, 96, and the respiratory rate, 32 

Ticatmcnt and Com — The following notes of the patient’s progress were 
made 

July 6, 1928 The general condition was worse, the patient was irrational, the 
limbs were spastic About 40 cc of a greenish-yellow spinal fluid was lemoved, 
under pressure , examination for evidences of tuberculosis gave negative results 
The temperature was 99 F , the pulse rate, 90, and the respiratory rate, 30 The 
Wassermann reaction of the blood was 4 plus, with all antigens A diagnosis of 
syphilitic meningitis was made 

July 7 Thirty grains (1 95 Gm ) of sodium iodide was given intravenously 
The spinal fluid had a cloudy yellowish appearance The general condition of 
the patient was much improved 

July 8 The general condition was fair Thirty grains of sodium iodide was 
given intravenously A spinal tap was performed and 30 cc of spinal fluid 
removed under pressure 

July 10 The condition was gradually improving The temperature was 98 4 F, 
the pulse rate, 92, and the respiratory rate, 24 Thirty grains of sodium iodide 
was given intravenously 

July 11, 12 and 13 The patient was given 10 cc of Pregl’s iodine solution 
intravenously The temperature, pulse and respirations were normal 

July 14, 15 and 16 The patient complained of headache, he did not feel well 
and seemed much weaker The temperature was 101 F , the pulse rate, 100, and 
the respiratory rate, 30 On spinal tap, the fluid was clear Examination of the 
spinal fluid at this stage showed a positive Levinson reaction and the formation of 
a pellicle Tnbocle bacilli zveie found in the pellicle The use of iodides was 
discontinued 

July 17 The patient complained of intense headache, he was much weakei 
and was in a semistuporous condition The temperature was 101 F , the pulse rate, 
120, and the respiratory rate, 30 

July 20 The condition was much improved The patient insisted on sitting up 
m bed His appetite was good The rigidity of the neck had subsided, but 
Kernig’s sign was still present Under slight pressure, spinal tap revealed a clear 
fluid , the cell count was 26 , there was a faint trace of globulin The temperature 
was 984 F , the pulse rate, 90, and the respiratory rate, 25 

Neurologic Consultation (report by Dr B Weiss) The pupils were irregular, 
the} reacted sluggishly to light, there was palsy on both sides The tongue pro- 
truded in the midline, there was no tremor The lips puckered well There was 
some rigidity of the neck The power in the upper extremities was fair There 
was no tremor of the extended hand The reflexes of the biceps muscles were 
normal , those of the triceps muscles were diminished on the left The abdominal 
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reflexes were normal The knee jerks and the achilles tendon reflex were absent 
bilaterally There ivas a positive bilateral Kernig sign There w^as no clonus or 
Babinski sign General slight hyperesthesia was present Somnolence was also 
noted The patient was mentally clear 

Observations of tubercle bacilli m the pellicle led to a diagnosis of tuberculous 
meningitis The presence of greenish-yellow pus associated with an increase in 
polymorphonuclears m the spinal fluid suggested a superimposed purulent 
meningitis A complete examination of the sinus and transillumination were 
advised to determine, if possible, the initial foci of infection 

The historj of initial chancre with typical Argjdl Robertson pupils and absent 
achilles tendon reflexes and knee jerks and the history of vesical disturbance and of 
sharp lancinating pains which the patient termed rheumatic, together with serologic 
observations, indicated a specific meningomyelitis with particular involvement of 
the posterior columns The acuteness of the onset ruled out a purely tabetic 
involvement 

Ocular Examination (Dr O’Brien) The media w'ere clear, the disks were 
oval The edges were blurred, and the veins w'ere overfull There w'ere no other 
pathologic conditions The examination was made without mydriasis 

July 23 The patient had been doing fairly well On that day he complained 
of severe pains in the left side of the neck The temperature rose to 104 F, the 
pulse rate to 116 and the respiratory rate to 35 Examination re\ealed marked 
tenderness in the left side of the neck with swelling Thirty cubic centimeters of 
clear spinal fluid w'as removed without pressure Laboratory examination of the 
fluid gave negative results 

July 25 The spinal fluid show'ed a cell count of 105, wnth a faint trace of 
globulin, the Levinson reaction w'as positive The temperature had subsided to 
normal and then rose to 101 F 

July 27 There w'as a sharp rise m temperature to 105 F , the pulse rate rose 
to 130 and the respiratory rate to 34 The patient was uncomfortable , he had 
difficulty in swallownng and complained of severe pains in the left side of the 
neck Surgical consultation was requested An examination w’as made by Dr 
Righter, who diagnosed the condition as acute cervical adenitis 

Thirty cubic centimeters of spinal fluid was removed under slight pressure 
Laboratory examination gave negative results for tubercle bacilli and for the 
formation of a pellicle 

July 30 The condition had subsided completely The temperature, the pulse 
rate and the respiratory rate were normal The patient felt much better 

July 31 The general condition w^as good, the patient was improving and was 
able to sit in a chair There was no complaint of pain How'ever, there was 
still a slight rigidity of the neck 

August 14 The patient was discharged apparently in good condition The 
temperature, pulse rate and respiratory rate had been normal for three weeks 
When he w^as discharged, a diagnosis of syphilitic and tuberculous meningitis w'as 
made 

October 7 The patient reported for observation, he was feeling well He 
complained of some irritabilit> of the bladder The spinal fluid was examined , 
there were no cells and no increase in globulin The Wassermann test gai e 
negative results w'lth both antigens The colloidal gold curve w'as normal The 
Levinson test, however, gave positive results 

Autopsy was performed on a guinea-pig that had been inoculated with the 
spinal fluid, the result was negative for tubercles The autopsv was done 
approximately three months after the original inoculation 
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The following year the patient felt well An attempt was made to have him 
return to check up the studies of the spinal fluid, but he declined 

In the spring of 1930, an attempt was made to communicate with the patient for 
fuither observations He had left town, but we were informed by a sister that 
he was living and feeling well 

Table 1 shows at a glance the observations on the spinal fluid 


Table 1 — Analyses of the Cerebrospinal Fluid 
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could not be demonstrated either by staining or by culture, that is, in 
the early com se of the disease, we were inclined to consider it a menin- 
gitis other than the well recognized forms, such as menmgococcic, 
pneumococcic or influenzal The strongly positive Wassermann reac- 
tions m both the spinal fluid and the blood, the high cell count, the 
colloidal gold curve and the moderate range in temperature plus the 
negative observations already mentioned wairant a diagnosis of syph- 
ilitic meningitis This diagnosis conforms with the symptoms and the 
laboratory studies usually found in syphilis of the central neivous S3^s- 
tem with meningeal involvement as mentioned by Stokes ^ 

The patient was treated accordingly with iodides both b}'^ mouth and 
intravenously and with mercurial inunctions Spinal punctuies were 
performed daily for relief from the symptoms and for observations 
on the course of the disease The patient gradually improved during 
the first week, the tempeiature, pulse and respirations subsided and 
reached normal limits by the tenth day Shortly afterward, however, 
there was a change in the patient’s condition He complained of intense 
headaches and marked weakness There was a rise m temperature 
with a corresponding increase in the pulse and respiratory rates The 
laboratory studies of the spinal fluid were as follows the fluid was 
clear, the cell count was 250, the Levinson reaction was positive, for- 
mation of pellicle was present and on examination of this pellicle, 
tubercle bacilli were definitely found by Dr Walter J Crocker, chief 
clinical pathologist, who reported that “in three different fields, beaded 
acid-fast rod-shaped bacilli were found” which he believed were tubeicle 
bacilli The Ziehl-Neelsen acid-fast method was used in staining 

With these laborator}'- observations, a diagnosis of tuberculous 
meningitis was made, and the usual unfavorable prognosis was given 
The patient was uncomfortable for several days Subsequently, how- 
ever, there was an unexpected improvement and a decided change in 
the spinal fluid Within six or seven days, he had reco^ered suffi- 
ciently to insist on sitting in a chair The rigidity of the muscles m the 
back of the neck had subsided but Kermg’s sign was still present 
Except for an attack of acute cervical adenitis, he made an uneventful 
recoA'-eiy, and he was discharged from the hospital six weeks after his 
admission The final diagnosis was syphilitic meningitis with tubercu- 
lous meningitis terminating in recovery 

Assuming that the diagnosis is correct, the next question to decide 
IS what constitutes an authentic case and how does this case measure 
up with the required specifications Whether or not we are justified 
m labeling this case tuberculous meningitis entails some discussion 

1 Stokes, John H Modern Qinical Sj^philology, Philadelphia, W B 
Saunders Company, 1926, p 925 
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This question has been thoroughl}’’ discussed in various contributions 
on the subject by Martin,- Pitfield," Cramer and Bickel,^ Borruso ° and 
others The concensus indicates that the significant and convincing 
observations are (1) the formation of a pellicle with the demonstration 
of tubercle bacilli in the fluid, (2) postmortem examination showing 
evidences of an old meningitis which has healed, (3) inoculation of 
the spinal fluid into a gumea-pig, followed by the development of 
tuberculosis Other collateral observations that may assist in arriving 
at a diagnosis of tuberculous meningitis are cytodiagnosis of the fluid, 
1} mphocytosis usually being present, one must not forget, however, that 
there may be exceptions to this rule, as polymorphonuclearcytosis is 
found occasionally, tubercles m the choroid, evidences of tuberculosis 
elsewhere in the body , the Levinson test of the spinal fluid , reduction ot 
chlorides, and the tuberculin test 

It would be unreasonable to expect all of the aforementioned require- 
ments to be present in every case The demonstration of tubercle 
bacilli in the spinal fluid has been accepted as fairly conclusive evi- 
dence of a positive diagnosis of tuberculous meningitis In our case, 
these organisms were definitely found, the formation of pellicle was 
noticed on several occasions , the Levinson reaction was positive , there 
was suggestive evidence of involvement of the lungs, and cervical 
adenitis was present All of these symptoms seem to warrant a diagnosis 
of tuberculous meningitis The fact that the organisms were found only 
once may cast some doubt on the diagnosis Some authorities on 
tuberculosis, particularly when dealing with the pulmonary form, insist 
on more than a single report confirming the presence of tubeicle 
bacilli, realizing as they do, that in the examination of specimens of 
sputums an error may be made m the laboratory However, the exami- 
nation of spinal fluids requires more skill and care As a rule, in 
laboratories such examinations are performed only by those who are 
well trained for this type of work In our case, the positive observa- 
tion of the tubercle bacilli was confirmed by the chief of the laboratory 
and others who were present The presence of the organisms m the 
spinal fluid was unquestionably established The failure to demon- 
strate the bacilli in other specimens of spinal fluid from this case may 
or may not be significant We do not know exactly how the micro- 

2 Martin, Alfred E The Occurrence of Remissions and Recovery m 
Tuberculous Meningitis , A Critical Review, Brain 32 209, 1909 

3 Pitfield, R I Recovery from Tubercular Meningitis, with Report of 
Cases, Am J M Sc 146 37, 1913 

4 Cramer, A , and Bickel, G La meningite tuberculeuse, est-elle curable^ 
Ann de med 12 226, 1922 

5 Borruso, G Curability of Tuberculous Meningitis, Policlinico (sez med ) 
36 493, 1929 
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organisms get into the spinal fluid, nor do we understand whether or 
not this is a daily performance Is it not likely that only on certain 
occasions the tubercle bacilli work their way through the lymphatic 
glands and get into the cerebrospinal fluid, and that if one happens to 
obtain the spinal fluid on that particular day and has the studies made 
by a trained examiner one will obtain a positive report^ On the other 
hand, it is not unusual to obtain negative reports on the spinal fluid in 
cases in which inoculation into guinea-pigs pioduced tuberculosis, and 
it IS not unusual to have negative spinal fluids in cases m which the 
diagnosis is proved by autopsy Another explanation for this dis- 
crepancy, if we may call it such, is the fact that only a limited number 
of the bacilli were free in the circulation and the spinal fluid This 
fact likewise enters in the possible explanation for the recovery in 
these cases and is discussed under that heading The weak link m the 
chain was the failure to produce tuberculosis on inoculation of the 
spinal fluid into a gumea-pig after a period of three months This 
negative observation, however, does not seem significant enough to 
nullify the positive evidence because it is possible that the tubercle 
bacilli were not present in sufficient number to infect the animal Some- 
times the animal is killed before the disease has time to develop 
Bezangon and Gastmet ® and Tilh reported inoculations of guinea-pigs 
requiring fourteen and thirty months, respectively, before the disease 
appeared in the animals, they suggested that the possible explanation 
was a diminished virulence of the organisms 

An interesting angle to the discussion of the diagnosis in this case 
IS the question of syphilis Were we dealing with a bona fide case of 
syphilitic meningitis in the beginning, which later proved to be fertile 
soil for a temporary involvement of tubercle bacilli or was it primarily 
a case of tuberculous meningitis with positive serologic reactions, as 
reported recently by Schaffle and Riesenberg^® In their contribution 
they found that occasionally the spinal fluid may show a strongly posi- 
tive Wassermann reaction in nonsyphihtic meningitis Their series 
consisted of 8 cases, 5 of which were tuberculous meningitis The 
Wassermann reaction of the blood was negative in each case However, 
the possibility of the development of tuberculous meningitis in a 
syphilitic person must be borne in mind Despite the fact that other 
forms of tuberculosis are prone to develop m syphilitic persons, the 
combination of syphilis and tuberculous meningitis is strikingly infre- 

6 BezariQon and Gastmet, quoted by Cramer and Bickel, p 238 (footnote 4) 

7 Tilli, P Menmgite tubercolare, tentativi di cura con Remieziom sottocute 
del liquido cefalo-rachidiano del paziente, Policlmico (sez prat ) 23 1357, 1916 

8 Schaffle, K , and Riesenberg, M The Occurrence of Positive Wassermann 
Reactions in the Spinal Fluid of Tuberculous and Other Nonsyphihtic Cases of 
Meningitis, Am J M Sc 178 632, 1929 



KRAM^R-STEIN— TUBERCULOUS MENINGITIS 


583 


quent m the literature Pillotti ® reported 1 case of tuberculous menin- 
^gitis in a syphilitic patient who had had antisyphihtic treatment 
Mallardi presented a case with this combination, in which, judging 
from laboratory and clinical observations, it was difficult to decide 
exactly whethei the child had a tuberculous or a syphilitic meningitis 

In our case, although tuberculosis of the meninges may have existed 
fiom the beginning, the evidence suggesting the presence of syphilitic 
meningitis at the onset is too strong to overlook The fact that the 
patient improved under antisyphihtic treatment may also suggest the 
diagnosis of syphilitic involvement It is possible and it is our belief 
that the iodides, which were given both intravenously and by mouth, 
may have been instrumental m the breaking down of a healed tubercu- 
lous focus either in the lungs or more likely m a lymph node The 
tubercle bacilli thereby set fiee settled down on the already weakened 
meninges and this resulted in a more or less localized meningitis The 
fact that the patient recoveied need not exclude the diagnosis of 
tuberculous meningitis 

CURABILITY OF TUBERCULOUS MENINGITIS 

There have been many contributions in the literature pertaining to 
the curability of tuberculous meningitis Rillet is credited with the 
first discussion in 1853 The number of patients reported as cured 
would probably mount to 400 or more Cramer and Bickel collected 
250 cases, others have similarly collected groups of reported cures, but 
when these leports are carefully scrutinized, the number of acceptable 
authentic cases is considerably less Of the 250 cases collected by 
Cramei and Bickel, they considered only 46 as authentic, Martin, in 
1909, collected 20 cases, Pitfield, in 1913, in his contribution raised 
the number to 29 cases, Harbitz,^^ m 1921, and Borrusso, m 1929, also 
gathered case reports in their discussions on the curability of tubercu- 
lous meningitis 

We have attempted to compile a complete list of the leported cures 
and have arianged them m tabular foim In this way, repetition and 
unintentional exaggeration of the figures were obviated In selecting 
authentic cases, the qualifications already mentioned in the discussion 
of the diagnosis of oui case were adhered to We included Schaeffer’s 

9 Pillotti, quoted by Schaffle and Riesenberg Am J M Sc 178 633, 1929 

10 Mallardi, M Un caso di meningite sifilitica in soggeto tubercolotico 
Pediatna 28 1138, 1920 

11 Harbitz, F The Curability of Tuberculous Meningitis, Am J M Sc 
161 212, 1921 

12 Schaeffer, S Tuberculous Meningitis Report of a Case in an Adult 
with Recovery, New York M J 48 77, 1913 
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case because of the positive results after inoculation into a guinea-pig 
Additional cases recently reported are those of Gehrke/^ Vialard and 
Darleguy,^ Vedel, Giraud and Puesch/’^ McMahon/® Neidhardt/’ 
Oppenheim/® Wiese/® Dima and Jousset and Peiisson These 
cases, together with ouis, raised the number to 73 Reports of cures 
without sufficient scientific pi oof of the diagnosis weie discarded 

It may be pertinent to take up the question as to what constitutes 
a cure Some patients who were reported as cured had recuirences 
of meningitis, and in isolated cases the recurrences were fatal This 
question cannot be settled definitely as there are no iron-clad rules to 
follow in deciding the point An arbitrary peiiod of freedom from 
symptoms and subsidence of the infection may be designated Since 
tuberculous meningitis is considered a fatal disease, may it not be 
assumed that if the patient has lecovered from the symptoms and 
signs sufficiently to get about, leave the hospital and remain fiee from 
the symptoms for from six to twelve months, his case may be classified 
as a ‘'cuie” A “cuie” in a case of tuberculous meningitis should 
really be interpreted as a clinical recovery through which the patient 
has escaped an apparently inevitable doom that awaits suffeieis of this 
disease The patients who have recoveied may show some aftei -effects 
01 sequelae in various foims However, the fact remains that the 
patients did not die, and hence they aie lef erred to as being “cuied” 
01 having “recovered ” 

Table 2 shows the statistical data of the cases reported as cures 
and the authors who quoted them 


13 Gehrke, A Kann die Meningitis tuberculosa Heilen^ Beitr z Klin d. 
Tuberk 61 310, 1925 

14 Vialard and Darleguy Recovery from Tuberculous Meningitis, Bull et 
mem Soc med d hop de Pans 49 522, 1925 

15 Vedel, Giraud, and Puesch Acute Tuberculous Meningitis, Bacterio- 
logically Confirmed, Rapid Recovery Persisting for Thirty-Two Months, Bull et 
mem Soc med d hop de Pans 50 388, 1926 

16 McMahon, B T Recovery from Tuberculous Meningitis, Am Rev 
Tuberc 13 216, 1926 

17 Neidhardt, K Recovery of Case of Tuberculous Meningitis After Intra- 
Lumbar Treatment with Tuberculin, Munchen med Wchnschr 73 823, 1926 

18 Oppenheim, E A Tuberculous Meningitis Cured by Freedman Vaccina- 
tion, Ztschr f Tuberk 45 316, 1926 

19 Wiese, O Recovery from Tuberculous Meningitis, Munchen med 
Wchnschr 73 1937, 1926 


20 Dima, F Apparent Cure of 
Riforma med 45 990, 1929 


Tuberculous Meningitis and Recurrence, 


21 Jousset, A, and Pensson, J Cure of Tuberculous Meningitis or Remis- 
sion in Three Cases Treated with Allergme (Tuberculous Vaccine), Bull et mem 
Soc med d hop de Pans 53 654, 1929, Rev internal de med et de chir 40 75, 
1929 
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It IS almost impossible to collect all of the cases of tuberculous 
meningitis terminating favorably No one can say how many cases 
were rejected because of insufficient scientific data, e g , Brown- 
ing’s 4 cases and others, may actually have been infections due to 
the tubercle bacillus This applies to patients in whose cases the clinical 
evidence pointed to tuberculous meningitis but in which proper labora- 
tory studies were not carried out In the cases leported by Hamill 
and the one quoted by Abt,^^ the diagnosis was acceptable, but the 
reports were never included in the hteiature because of the afore- 
mentioned reasons On the other hand, there may have been genuine 
cases of tuberculous meningitis terminating in recovery, but on account 
of the rarity of the condition the physicians hesitated to diagnose them 
as such and considered Koch’s infection as the etiologic factor How- 
ever, even with the limited number of cases available, one must admit 
that some cases may be exceptions to the general rule and that patients 
do recover from this disease 

An analysis of the 73 cases reveals the following statistics as to 
sex, age and laboratory observations 





Number of Cases 

Percentage 

Males 



40 

65 

Females 



23 

31 

No mention of sex 



10 



Cramer and Bickel’s 

Author’s List of 73 Oases, 


List of 46 Oases 

Including Oramer and Bidccl’s 

Age, Tears 

Number of Oases 

Percentage 

Number of Cases 

Percentage 

Up to 214 

1 

25 

1 

1 4 

2% to 5 

6 

15 0 

14 

19 2 

6 to 10 

10 

25 0 

12 

10 4 

11 to 20 

11 

27 5 

14 

19 2 

Above 20 

12 

30 0 

24 

33 0 

Not mentioned 

G 


8 



SIGNIFICANCE OF LABORATORY STUDIES 

The tubercle bacillus was present in the spinal fluid in 47 cases 
(64 per cent) , it was not found m 16 cases (22 per cent), and it was 
not mentioned in 10 When the spinal fluid was inoculated into a 
guinea-pig, tuberculosis resulted in 30 instances (41 per cent) , the 
inoculation was negative m 4 cases (6 per cent) and was either not done 
or at least not mentioned m 39 cases (53 per cent) This procedure 
evidently has been neglected in many cases, and in view of the impor- 
tance of definitely establishing a diagnosis, it may be worth while to 
emphasize that nothing should be omitted when laboratory studies are 

22 Browning, C C Report of Four Cases of What Appeared to Be Tuber- 
culous Meningitis with Apparent Permanent Arrestment, Med Rec 86 325, 1914 

23 Hamill Tr Am Pediat Soc, Arch Pediat 27 697, 1910 

24 Abt Tr Am Pediat Soc , Arch Pediat 27 698, 1910 
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earned out in suspected cases of meningitis In 15 cases m which the 
tubeicle bacilli could not be demonstiated in the spinal fluid, the diag- 
nosis was established by positive inoculation into guinea-pigs This fact 
is important because in some cases the organisms aie so fen as to make 
it exceedingly difficult to demonstrate their presence under the micro- 
scope The doubly positive observation m which tubeicle bacilli were 
piesent in the spinal fluid with positive inoculation into a gumea-pig 
was found in only 10 cases (13 7 per cent) of the senes 

C 3 dodiagnosis was mentioned m 24 of the cases Lymphocytosis was 
the usual obsel^atlon, however, on three occasions polyinorphonuclears 
pi edommated 

Tuberculous lesions elsewhere m the body may be of interest when 
discussing the possible explanations for recovery in tuberculous menin- 
gitis This condition was present m twenty-six patients (35 6 per cent) 
The most common site was in the lungs and the pleura (18 cases) , the 
lymph glands were next (7 cases), and there was one instance each 
of infection in the abdomen, the knee and the skin 

EXPLANATION OE RECOVERY IN TUBERCULObS MENINGITIS 

The possible leasons for favorable termination of this most dieaded 
disease may be giouped under three headings {a) clinical, (Z?) bac- 
teriologic and (c) pathologic Under the first group, age is important 
A glance at the tabulation containing the incidence according to age 
shows that up to 2)4 years only one patient recovered Except for the 
discrepancy in the peiiod from 2)4 to 5 yeais, one could well infei that 
the older the patient, the better his chances for escaping the almost 
inevitable fatal termination This deduction was well demonstiated m 
Cramer and Bickel’s table No doubt, advancing age does give the per- 
son inoie powers of resistance One need merely mention the unusually 
high mortality late for tuberculous meningitis in infants The disease 
is invariably fatal up to 2 years Besides the natural resistance that 
develops with years, it is also possible that the tissues gradually learn 
to cope with the tubeicle bacilli This has been mentioned bj.soine 
authors who look on healed 'lesions in the lungs or old glandular infec- 
tions as having the same beneficial effect as a vaccine would have It 
IS possible that the tissues may develop some immunologic properties 
that enable the person to limit the infection and ultimately to control it 

Bacteiiologic influences depend on the number of organisms, their 
viiulence and also the strain It is possible that the favorable termi- 
nation in some of the cases may have been due to the small numbers of 
tubercle bacilli distributed throughout the body This fact was also 
mentioned in the discussion of the unsuccessful inoculation of tubercle 
bacilli into guinea-pigs Viiulence of the organism and its role in infec- 
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tion are too well known Discussion on this phase seems unnecessaiy 
Another point of interest may be the influence of the type of organism 
or strain of tubeicle bacilli on recovery Cramer and Bickel and 
Landouzy and Gougerot discussed what may be considered a peculiar 
form of reaction of the tissues to the infection They emphasized the 
fact that the usual tendency for the foimation of tubercles was lacking 
in these cases Pathologic reports on the appearance of these cases, 
which were studied at later times, mentioned the fact that the meninges 
were congested and infiltrated, with thickening Theie may be abundant 
exudate, but no tubercles in the subarachnoid space The tendency to 
fibrosis IS apparent The brain is only slightly involved There is a 
lessened tendency to overdistention of the ventricles with fluid This 
may be due to a diminished inflammatory reaction of the meninges and 
the brain Microscopically, intense congestion of the meninges with 
mfiltiation was noted, theie was no nodulai formation, many bacilli 
were found in the sections and many m the fluid The presence of tuber- 
culous meningitis as part of a generalized tubeiculosis is a hopeless 
situation 

PROGNOSIS 

The outlook for the patients who have survived is uncertain Many 
cases have been obseived foi three years without a lecunence How- 
ever, some of them subsequently have reinfections, either in the foim 
of a meningitis or the breaking down of another focus, which may 
terminate fatally Some of the cases have sequelae in the form of deaf- 
ness, monoplegia, blindness or persistent headaches 

We doubt whether much can be learned from a study of these cases 
with the hope of improving oui therapeusis Some physicians have been 
enthusiastic concerning their particular form of tieatment, which varies 
from tuberculin therapy to surgical mteivention Decompiession has 
been attempted , repeated lumbar punctures have been endorsed by some , 
autoserotheiap)^ by reinoculation of the spinal fluid has been advised, 
and injections of tuberculin, both under the skin and into the dura, have 
been tried It is questionable whether any foim of treatment can be 
proved to be a determining factor in the 'recovery It is possible that 
repeated spinal punctures may help to give relief and may spaie some 
damage to the cerebial tissue from overdistention of the ventiicles It 
IS likel} that when a patient does recover the mam factois are the indi- 
Mdual resistance and a lowered virulence of the infecting agent 

The prognosis of tuberculous meningitis is still extiemely doubtful 
One cannot tell offhand which patients ha\e a chance foi lecovery, but 

25 Cramer and Bickel, p 239 (footnote 4) 

26 Landouzy and Gougerot, quoted bv Borrusso, p 499 (footnte 5) 
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we agiee with Dunn that the family may be encouraged with the fact 
that there is a possible chance for a favorable teimination, however 
1 emote that chance may be No rules can be foiniulated with the type 
of onset as a guide because among the recoveries leported, some cases 
appeared with explosive symptoms while others began with a mild onset 
The older the patient, the greater is the resistance and the better is the 
chance for a favorable result 

SUMMARY AND CONCLUSIONS 

The repoit of a case in a Negro with evidences of syphilitic menin- 
gitis has been given , subsequent observations of tuberculous meningitis 
were made, and a favoiable termination leported A reiiew of the 
literature reveals a number of contributions on the curability of tubercu- 
lous meningitis and numerous report^ of cures This number has been 
considerably reduced because of insufficient scientific data 

Seventy-three cases of presumably authentic cuies were collected 
A study of this group of cases does not enlighten us with information 
that may be of lalue in the direct treatment for this disease m the 
future 

Cures have been attributed to various factois such as the age and 
the resistance of the patient and a low virulence of the organism 
Statistics of the collected cases show the highest percentage of cures 
among patients above 20 years of age (33 per cent) and the lowest 
percentage m infants 

The traditional and fixed idea that a patient with tuberculous menin- 
gitis must die shouM be reconsidered No doubt, a recovery is extremely 
rare, but no one can foretell when this unexpected favorable termi- 
nation may occur The tendency to discard the diagnosis of tuberculous 
meningitis and disregard such laboratory observations as the presence 
of tubercle bacilli and successful inoculation into guinea-pigs, merely 
because the patient recovered, seems unscientific and illogical 

Dr Walter J Crocker and the laboratory staff gave excellent cooperation in 
managing the scientific studies m this case 


27 Dunn, C H The Cytodiagnosis of Tuberculous Meningitis and the 
Possibility of Recovery, Arch Pediat 27 685, 1910 



THE CAUSE OF EXOPHTHALMIC GOITER 


A BIOCHEMICAL HYPOTHESIS '' 

WILLIAM S REVENO, M D 

DETROIT 

It IS quite generall} agreed, although with some dissatisfaction, that 
the th}roid gland is responsible, when abnormally active, for the symp- 
toms that characterize exophthalmic goiter A vast literature has 
accumulated on this subject, ivith the majority of writers and investi- 
gators favoring the thyrogenic origin of the disease A few have taken 
exception to this view , the most notable among these being McCarrison, 
who for many years has stoutly maintained that the disease is of toxic 
origin, and that the toxin or toxins originate in the intestinal tract 
Plummer,’^ who favors the thj^rogenic theory, described the disease as 
one in which the S3anptoms are due to dysfunction of the thyroid, 
excess thyroxine as well as an abnormal substance being present 
McCarrison,- however, stated that “in the vast majority of cases the 
excitation which determines the gland’s derangement is toxic, and is 
one which initiates disturbances of the whole endocrine sj^stem ” There 
is an obvious difference of opinion in these two views, a difference that 
will not be adjusted until a more accurate knowledge is had of all of the 
disturbing substances other than thyroxine whether thej'^ originate in the 
th}roid or elsewhere The view held by McCarrison seems to have 
the advantage in that it is arrived at by a consideration of the role 
pla} ed by three factors, nutritional, psychic and toxic By his extensive 
studies of the changes produced in the thyroid gland m disturbances 
of nutrition and in toxic states, McCarrison established a strong sup- 
port for his attitude He showed in a convincing manner that changes 
that tend to destroy functioning thyroid tissue and ultimately to pro- 
duce a condition of h}pofunction may be induced by the toxins resulting 
from the feeding of infected material, also “ that the ingestion of 
amino-acids has an effect on the thyroids of tadpoles — a reduction in 
the size and number of the vesicles, and a decrease m the weight and 
length of the gland resulting Tyrosine is the only one of the ammo- 
acids that sometimes causes congestive and degenerative changes 
IMcCariison investigated also the effects of ingestion of histamine and 
t} ramine on pigeons and rats ^ and found a tendency for a reduction m 

Submitted for publication, Jan 2, 1931 

1 Plummer, H S , quoted bv Kendall, E C Thvro'^ine, Am Chem Soc 
Monog Ser No 47, New York The Chemical Catalog Compairv, 1929 

2 McCarrison, R The Thyroid Gland, New York, William Wood & 
Company 1917 

3 McCarrison, R Indian J M Research 11 1136, 1924 

4 McCarrison, R Indian J M Research 11T1S4, 1924 
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the size of the thyroid by both amines He expressed the opinion that 
the ingestion of tyramine may possibly cause exophthalmos although this 
lesult may be rare This evidence, while it may not be altogethei con- 
vincing, serves a purpose in pointing an accusing finger at the intestinal 
tract as the source for the substances that are responsible foi the dis- 
turbance known as exophthalmic goiter 

The symptoms in exophthalmic goiter may be adequately divided 
into those that are produced by thyroxine and those produced by a 
substance resembling epinephrine From the present knowledge of the 
phai macologic action of thyroxine, such symptoms as loss of weight, 
gastro-enteritis, diarrhea and tach}cardia proportionate to the increase 
111 metabolism may be readil}^ explained The symptoms attributable 
to the epinephrine-like substance do not, however, conform to the lec- 
ognized major pharmacologic effects of epinephrine and it is necessary, 
therefore, to look to other substances, closely related to epinephiine, as 
being responsible for the extreme irritability of the vegetative nervous 
system, the tremor, elevated blood piessure and exophthalmos 


CHEMICAL COMPOSITION OF THYROXINE, EPINEPHRINE 

AND TYRAMINE 

There is a most interesting connection between the chemical con- 
stitution of thyroxine and epinephrine Thyroxine was isolated 
originall) by Kendall in 1915,° and the chemical formula was deter- 
mined as 

1 1 

OH<(^ )> O <(^^^CH2CH(NH0 COOH 

1 ^ 1 

by Hanngton and Barger,® who showed conclusively that it resulted 
from the oxidation of two molecules of 3 5 dnodotjTosme in this 
manner 

r-CH=CH(NHO COOH j j 

2 1] +0 = OH<^ ^ O ^ CH.CHCNHQ COOH -J- 

\/ 1 CH-.CH(NH) COOH 

OH 


The 3 5 diiodotyrosine, which is the precursory substance of thyioxine, 
is derived fiom the ammo-acid tyrosine by the addition of two atoms 
of iodine in the 3 and 5 positions in the benzene ring 


^CH» CH(NH ) COOH 


-CH. CH(NHO COOH 


+ 2 I 


OH 


OH 


5 Kendall, E C The Isolation m Crystalline Form of the Compound Con- 
taining lodin, Which Occurs in the Thyroid, J A M A 64 2042 (June 19) 1915 

6 Hanngton, C R , and Barger, G Biochem J 21 169, 1927 
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According to Oswald/ dnodotyrosme may m turn be deiodized by tiyp- 
sine in the alimentary canal ' 

The amino-acid tyrosine normally produced m the intestinal tract as 
an end-product of the digestion of protein is therefore the parent sub- 
stance of thyroxine, 3 5 diiodotyiosine is also produced in the intestine 
since it has never been isolated in crystalline foim from the thyroid 
gland (although it may be present there)® and, too, with both iodine 
and tyrosine present in the same region, it is fair to assume that 
synthesis of dnodotyrosme may logically take place there 

Epinephime is 1,2 hydroxyphenyl, 4 hydroxyethlmethylamme, and 
IS derived from tyrosine first by splitting off CO,, forming hydroxy- 
phenylethylamme, and then by oxidation and methylation to epinephrine 

— CH,CH(NH=) COOH — CH^CH^fNHO — CH(OH) CH=NH CH, 

Q -C0,= Q+20H + CH.= Q^jj 

OH OH OH 

It is probably produced in the intestine, and its content m excised 
suprarenal glands may be increased by incubation with tyrosine ” 

There is a common source in tyrosine for both thyroxine and 
epinephrine, and the suggestion occurs at this point that disturbances 
in the normal metabolism of this ammo-acid may constitute the under- 
lying factor in exophthalmic goiter 

As far as is known, tyrosine is utilized foi the production of two 
very important substances, thyroxine and epinephime Any excess 
probably undergoes decomposition by intestinal bacteria to phenol, 
p-cresol and p-hydrox 3 '^phenylacetic acid (b} decarboxylization), and 
to tyramine These substances aie probably detoxicated by the liver, 
the phenols being eliminated as ethereal sulphates, and the tyi amine 
as p-hydrox)^phenylacetic acid Certain conditions may, however, 
interfere with this orderly procedure, and the overproduction of tyra- 
mine a base in which the action resembles that of epinephrine m many 
respects, may result 

CHANGES IN THE NORMAL TYROSINE-TYROSINASE REACTION 

The first of these conditions is an alteration in the reaction between 
tyrosine and the ferment tyrosinase whereby the pigment melanin 
lesults Under normal conditions this reaction proceeds in the follow- 

7 Oswald Ztschr f physiol Chem 62 432, 1909 

8 Kendall, E C Thyroxine, Am Chem Soc A'lonog Ser No 47, New 
York, The Chemical Catalog Company 1929 

9 Halle, W L Beitr z chem Phys u Path 8 276, 1906 
10 Stewart, F H J Ment Sc 75 53, 1929 
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ing manner Tyrosine and tyrosinase together form led pigment 
(This IS the pigment responsible for the red discoloration that appears 
on the cut surface of raw potato when exposed to the air) After 
several hours, this red substance becomes colorless, this phase of the 
reaction is accomplished best m a vacuum or in the presence of an inert 
gas m a medium ranging between pHc and Finally, this colorless 

substance is converted to melanin in the presence of ox3^gen Presum- 
ably, under altered conditions, such as an excess of tyrosine or a lack 
of tyrosinase or a change in the hydrogen ion concentration or the 
gaseous tension of the medium, the normal reaction does not take place 
and the base tyramine may be produced 

The most important factor in the production of tyi amine is that 
which IS responsible for interference with the normal decomposition 
of tyrosine by bacteria The production of tyramine from tyrosine is 
assumed to take place in the same manner and under the same condi- 
tions as the production of histamine from histidine Folni and Denis 
found that certain B coh in alkaline intestinal mediums promote the 
destruction of tyrosine by decarboxylization and the production of phe- 
nols which are detoxified by the liver and eliminated by the kidney 
These same bacilli will, m an acid medium, produce the base tyramine 
Hanke and Koessler found in a large series of experiments that the 
amines (tyramine and histamine) were not produced in a medium that 
contained no carbohydrate and in which an acid reaction was not devel- 
oped They stated that the amines can be thought of as buffers to reac- 
tion, and that their production from ammo-acids is a protective mecha- 
nism which IS resorted to when the accumulation of hydrogen ions within 
the organism’s protoplasm threatens to destroy its life In addition, they 
showed that the production of histamine fiom histidine may be either 
appreciably slowed or stopped altogether by forcing B coh to grow 
anaerobically^^ WeyD® showed that the putrefactive organisms, under 
conditions prevailing in the intestine, i e , m the absence of oxygen, 
produce large quantities of phenols from tyrosine 

It IS reasonable to assume that, with the presence of ammo-acids 
other than tyrosine, under the altered conditions mentioned, amines other 
than tyramine, notably histamine, may be produced in the intestine 
Histamine is antagonistic to tyramine m its action It produces intense 
stimulation of tone and rhythm of the smooth muscles , it lowers the 
blood pressure by dilating capillaries and because of its power as a 

11 Raper, H S , and Speakman, H B Biochem J 20 69 and 735, 1914 

12 Folm and Denis J Biol Chem 22 309, 1915 

13 Hanke, M T, and Koessler, K K J Biol Chem 59 858, 1924 

14 Hanke and Koessler J Biol Chem 39 581, 1919 

15 Weyl Ztschr f physiol Chem 3 312, 1879 

16 Sollmann, T A Manna’ of Pharmacology, Philadelphia, W B Saunders 
Company, 1927 
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stimulant to smooth muscles, it ma)'-, m considerable amounts, produce 
diarrhea and vomiting The production of histamine along with 
tyramme is important because of the antagonistic action between these 
two agents If it proceeds at a slow rate and m quantities sufficient for 
the effects of one to be neutralized by the effects of the other when 
both are absorbed, arid if the rate of destruction is the same, then it may 
be assumed that few or no symptoms will result If, however, there 
should be some disparity between the production, absorption or destruc- 
tion of either of these bases, then it is conceivable that the resulting 
symptoms would depend on which of the bases was present in excess 

THE PHARMACOLOGIC ACTION OF TYRAMINE 

Tyramme, as has been mentioned, is a base m which the action 
resembles that of epinephrine It is the hydrochloric acid salt of para- 
hydroxylphenyleth3damme and is found in ergot Its structural formula 
resembles that of tyrosine and epinephrine quite closel}'^ 

— CH 2 CHffNH=) HCl 


OH 

In action, according to Sollmann,^® it is not as powerful as epinephrine, 
but IS more persistent It elevates the blood pressure, slowing the heait 
reflexly, and constricts the bronchioles It sometimes stimulates gastric 
secretion (m cats only) Hewlett^® reported that 20 mg injected 111 
man produces a rise m the systolic blood pressure, the diastolic being 
only slightly elevated, if at all Subcutaneous injections in susceptible 
persons produce symptoms such as are found m exophthalmic goiter, 
namely tremor, palpitation and anxiety McCarrison * concluded, as 
a result of experiments on the effects of ingestion of tyramme and hista- 
mine m pigeons and rats, that tyi amine may possibly produce exoph- 
thalmos 

How this powerful agent is detoxified is not altogether clear Hare 
expressed the belief that a definite enzymatic sj'^stem is present m the 
liver foi effecting rapid detoxication of excessive tyramme absorbed 
from the intestine by deamination and oxidation This seems to offer 
a fairly logical explanation of the fate of this substance 

Tyramme, then, is a chemical agent that most probably plays an 
important part m the production of many of the symptoms 111 exoph- 
thalmic goiter The responsibility for practically all of the symptoms 

17 Mellanby, quoted by Aharez, W C Physiol Rev 4 352, 1924 

18 Hewlett, A W Tlie Action of T 3 'ramin, Arch Int Med 21 411 (Marchj 
1918 

19 Hare, M L C Biochem J 22 968, 1928 
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in this disease may be placed on tyramine, epinephrine and thyroxine, 
all derived from the amino-acid t 3 ^rosme in abnormal quantities by an 
in egular metabolism 

SUMMARY 

The hypothesis is advanced that exophthalmic goitei is primarily a 
distui bailee lesulting from a long-continued toxic process m the intes- 
tinal tract This process not only damages the thyroid gland to the end 
that varying amounts of its functioning tissue are destroyed, but 
causes a faulty and irregular metabolism of the ammo-acid tyrosine, so 
that an excess of thyroxine, epmephiine and tyramme is produced 
These conclusions aie reached m ^lew of (1) the inadequacy of the 
thyrogenic theor}'’ of the disease, (2) the work of McCaiiison on the 
effects of toxic material m the intestinal tract on the thyroid gland, (3) 
the close relationship between the chemical constitution of thyroxine 
epinephrine and tyramme, (4) the common source of these three 
substances, viz, tyrosine, (5) the changes in the noimal tyrosme-tyro- 
smase leaction and the decarbox^hzation process for conversion of 
tyrosine to phenols, with resulting overproduction of the base tyramme, 
and (6) the pharmacologic action of tyramme 

613 Professional Building 



THE ELIMINATION OF PHENOLSULPHONPHTHALEIN 

BY THE KIDNEY 

THE INFLUENCE OF PATHOLOGIC CHANGES IN THE LIVER " 

J P HANNER, MD 

AND 

G H WHIPPLE, MD 

ROCHESTPR, N Y 

Many years ago when Rowntiee and Geraghty ^ were investigating 
the elimination of phenolsulphonphthalein in abnoimal lenal conditions, 
it was observed that ceitain cases of intoxication in piegnancy showed 
an unusually high degiee of elimination It was suspected that these 
obstetric cases were complicated by some abnormality of the Iner, 
which interested Dr Whipple, who at that time was occupied 
with a study of experimental chlorofoim poisoning and hepatic injury * 

Subsequently, on seieral occasions in expeiiments dealing with 
experimental chlorofoim poisoning m dogs, it was obseived that the 
renal elimination of phthalem was unusual This applied to both 
phenolsulphonphthalein (renal function) and phenoltetiachlorphthalein 
(hepatic function Preliminary experiments recently (1926) cairied 
out in this laboratory by Dr D J Stephens and Dr F S Hassett, weie 
in accord with those tabulated in this papei During the following 
year (1927), Dr J M Scott and Dr D A Weir completed a few 
obseivations of sirmlar nature 

As It was obvious that hepatic injury modified the elimination of 
phenolsulphonphthalein by the normal kidney, we decided to studv 
caiefully the mechanism of this unexpected leaction Fiom the stand- 
point of interpretation of the elimination of phthalem by the noimal 
or abnormal kidney, it would seem that a complete understanding of 
this phenomenon would be of value to the clinician who must eialuate 
the figures for phthalem m terms of lenal dysfunction 

^ Submitted for publication, Feb 5, 1931 
From the Department of Pathologi'^, the University of Rochester School of 
Medicine and Dentistry 
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It Avas first shown by Rowntree and Gei aglity ^ that the hvei was 
capable of excreting phenolsulphonphthalein The dye appealed in the 
bile within an horn after the intravenous injection of 1 Gm of phenol- 
sulphonphthaleni Since only the faintest tiaces of phthalein could 
be found in the stools of animals, they concluded that a poition excieted 
in the bile is leabsorbed by the intestines and excieted by the kidne)S 

While attempting to discovei the fate of phthalein injected into 
animals, Kendall ^ found that when he mixed the dye with ground body 
tissue in vitio, after some hours it was paitially i educed to a colorless 
substance This occuiied to the greatest extent when oxygen was 
eliminated fiom the mixtuie and when the liver, rather than the othei 
organs, was used He concluded that the liver is capable of destroying 
phthalein Biaasch and Kendall® stated that phenolsulphonphthalein 
may be destioyed by mixing it with body tissues in vitro when oxygen 
is absent, but for this to occur in life, such a degree of anoxemia must 
be piesent that death is impending They showed that alkalosis tended 
to increase the urinaiy output of phenolsulphonphthalein, whereas 
acidosis deci eased it Marshall and Vickers® were able to recover 
16 pel cent of phenolsulphonphthalein from the liver of dogs killed 
fifteen minutes after 180 mg of the dye had been injected, thus show- 
ing a maiked affinity of the liver for phthalein 

After observing marked vaiiations in the urinary output of phenol- 
sulphonphthalem m normal persons, Major ’’ investigated further the 
role of the liver m the destruction and retention of this dye In rabbits 
he found a fairly uniform excretion, whether the phthalein was injected 
subcutaneously, intravenousl}'- or intrapleurally However, when it 
was injected into the substance of the liver, a great reduction in the 
amount excieted in the mine occurred When the dye was introduced 
into the portal lein, the amount eliminated in the urine was much less 
than when it was injected into the vena cava 

Mollei and Lundsgaard ® expressed the belief that the livei plays 
a pait in the elimination of phthalein They lecovered from 1 to 3 
per cent of the dye from the duodenal contents of three normal persons 
and none from five persons with hepatic disease They investigated 
the fate of the dye excreted by the liver, and found that when phthalein 
was given by stomach tube only from 1 to 8 per cent could be i ecovered 

4 Kendall, E C Phenolsulphonphthalein, J A M A 68 343 (Feb 3) 1917 

5 Braasch, W F , and Kendall, EC J Urol 5 127, 1921 

6 Marshall, E K, Jr, and Vickers, J L Bull Johns Hopkins Hosp 34 1, 

1923 

7 Major, R H The Influence of the Liver on Phenolsulphonphthalein 
Excretion, J A M A 81 1362 (Oct 20) 1923 

8 Moller, E , and Lundsgaard, C Acta med Scandinav 63 277, 1926 
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in the unne and, as a lule, only a trace in the stools They also found 
that the contents of the stomach in vitio did not destroy phthalein, 
whereas the feces did In a senes of patients with hepatic disease, 
these investigators “ found that the elimination of phenolsulphon- 
phthalein hy the kidneys was prolonged and decreased Howevei, 
Chabanier and Gaume stated that these patients showed evidence of 
renal insufficiency as well as hepatic disease This would perhaps 
explain why the excretion of phenolsulphonphthalein was deci eased 
lather than increased as one would be led to expect 

In a series of cases of obstructive jaundice without complicating 
1 enal disease, Abi amson did not note either a decrease oi an increase 
in the output of phenolsulphonphthalein 

Recently, while our experiments were in progress, those earned 
out by Beinheim^- and Olivet and Piufei and summarized by 
Schlayer,^^ in which the distribution of phthalein in the Aaiious tissues 
of the bod} was studied, came to oui attention They showed that 
thirty minutes after injection, the blood was practically free from 
phthalein , the d} e was i ecovered subsequently in the various tissues of 
the body Olivet and Prufer found that the tissues of the kidneys, 
liver and skin showed the most marked affinity for phthalein Tiaces 
of dye w^ere found elsewdieie, except in the brain and spinal fluid In 
a pregnant dog none was found in the placenta nor in the amniotic 
fluid They expiessed the belief that as phthalein is excreted, the 
tissues gradually give up then store, and eventually most of the dye 
is excreted, the chief loutes being the urine and the bile They sug- 
gested that perhaps small amounts may be excreted by the skin, but 
this was not investigated Their work led them to believe that from 
20 to 30 pel cent of the dye is excreted by the hvei, and that the 
greater pait of this is reabsorbed fiom the intestines, although wdien 
the dye was given by stomach tube, they could lecovei only small 
amounts in the urine In a case of cirrhosis, they reco\eied fiom the 
urine 80 per cent of the amount of dye injected aftei one houi, and 
found that none could be regained from the duodenal contents Olivet 
recoveied 90 pei cent of the phthalein injected aftei two hours and 
99 pel cent after foui hours fiom a dog in wdiich the ductus choledochus 
had been tied for twenty-four houis At autopsy, an extract of the 

9 Moller, E , and Lundsgaard, C Acta med Scandmav 63 268, 1926 

10 Chabanier, H , and Gaume, P Bull Soc frang d’urol 6 69, 1927 

11 Abrahamson, H A Excretion of Phenolsulphonphthalein in Obstructive 
Jaundice, Arch Int Med 37 291 (Feb) 1926 

12 Bernheim, E Ztschr f klin Med 104 240, 1926 

13 Olivet, J, and Prufer J Ztschr f klin Med 108 653, 1928 

14 Schlayer, Carl R Ztschr f Urol 23 621, 1929 

15 Olivet, J Ztschr f klin Med 108 665, 1928 
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oigans did not contain d}e Thc}^ concluded that if the excietoiy 
and stoiing functions of the hvei are blocked, the kidneys compensate 
and are able to excrete larger amounts of the dye Tada^° pointed 
out that in the case of dyes excreted by both the kidneys and the liver, 
if one path of excretion is impaiied, the other compensates and excretes 
more than its noimal amount This seems to be true for phenolsulphon- 
phthalein when excretion by the livei is impaired 

METHODS 

The general methods utilized were similar to those used by other investigators 
in this field The solution of phthalein was made up as originally described by 
Rowntree and Geraghty so that 1 cc contained 6 mg of phenolsulphonphthalem 
Only healthy, active, female dogs were used In all instances the phthalein was 
mjected into the jugular vein Before each injection the bladder was emptied by 
catheter, and this urine was examined for albumin and microscopically for evidence 
of renal disease Only dogs without evidence of renal disease were used Unless 
otherwise noted, only 1 cc of phenolsulphonphthalem was injected This was 
measured with a 1 cc pipet into a small dish The pipet was then rinsed with 
phj'siologic solution of sodium chloride until no trace of the phthalein remained 
The whole solution was then drawn up in a 10 cc syringe After the injection of 
phenolsulphonphthalem, the dogs were given 500 cc of tap water by gavage m 
order to assure a fairly uniform and copious flow of urine The urine was col- 
lected after one and two hours by means of a catheter, and the bladder was 
washed with 60 cc of warm tap water after each catheterization m order to obtain 
all traces of phenolsulphonphthalem m the bladder As a rule, the urine was not 
collected later than two hours after the administration of dye, since after this 
time only small amounts are excreted, and because this is the timeTimit usually 
followed m clinical studies 

The collected urine was made alkaline with sodium hydroxide and diluted with 
distilled water to 1,000 cc after the first hour and to 500 cc after the second 
This solution was then filtered and read in a Dubocq colorimeter against a standard 
containing 3 mg of phthalein per thousand cubic centimeters The standard was 
freshly made twice a week As a rule, no difficulty was experienced m matching 
the colors When this happened, urine was added to the standard until a match 
could be obtained, the dilution being taken into account when the calculations were 
made 

In the dogs in which the common ducts were tied and the urine was highly 
colored with bile, we used the following method for precipitating the bile pigment 
The urine was made alkaline by the addition of concentrated ammonia, and to 
each 50 cc of urine, 10 cc of a 10 per cent solution of calcium chloride was added 
This was then centrifugated, and the clear supernatant fluid containing the phenol- 
sulphonphthalein poured off The precipitate was repeatedly washed with distilled 
water and centrifugated until the pink color could not be detected m the super- 
natant fluid These washings were added to the original sample, diluted and 
compared in the usual way As a rule, comparison with the standard was good 
As a control, when phenolsulphonphthalem was added to varying amounts of urine 
and bile and treated as has been described we found that from 85 to 100 per cent 
of the dye could be recovered The error increased with the amounts of urine 
and bile added 


16 Tada, Y Acta scholae med univ imp , Kioto 11 243 and 253, 1928 
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The same procedure was followed m the case of bile containing phenolsulphon- 
phthalein Each 10 cc of bile was diluted to SO cc with distilled water, and made 
alkaline with concentrated ammonia To this we added 10 cc* of the solution of 
calcium chloride This was centrifugated, washed and diluted as described foi 
the urine Here, however, the matches in color were not quite as good In control 
experiments m which from 10 to 30 cc of bile was added to 3 mg of phenolsul- 
phonphthalem, we found that we were able to recover from 85 to 95 per cent of the 
dye by this method 

To produce chloroform poisoning, the dogs were starved for from twenty-four 
to sixty-four hours A light surgical anesthesia was produced for from sixty to 
ninety minutes with chloroform Following this, they did not receive food for 
twenty-four hours An indication of the degree of hepatic damage was obtained 
by the determination of fibrin m some instances and by the icterus index m others 
The production of satisfactory damage to the liver by the administration of 
phosphorus was found to be difficult, because of the variations occurring in the 
reactions of the dogs to the solution used The results of these experiments are 
inconclusive though m several instances suggestive Stick phosphorus was dis- 
solved m olive oil, 1 cc 10 mg This was injected subcutaneously or intra- 
muscularly 

EXPERIMENTAL OBSERVATIONS 

We shall cite only a few expeiiments which illustrate characteristic 
leactions to chlorofoim poisoning We have on record a laige number 
of similar experiments, and believe that the leactions tabulated here 
adequately show the charactei of the reaction and are fair examples 
of a considerable series 

As one might expect, the higher figures were observed in the moie 
severe cases of hepatic injury due to chloioform and they persisted 
longer than in the cases of mild poisoning 

Table 1 shows the usual reaction to chloroform poisoning with a 
rise of from 10 to 15 points in the figures foi the elimination of 
phthalein m the urine The figures for fibrin pi ove beyond a doubt 
that a fairl} severe hepatic injuiy was produced by sixty minutes of 
chloroform anesthesia It is well known that within a few days the 
liver promptly repairs this tjpe of injury, and that the blood fibrin 
then returns to normal There is always a use in the icteius index 
(table 2) In this experiment (table 1), the high values foi the 
elimination of phthalein lasted four days and then fell towaid normal 

As a control foi the experiments on hepatic injuiy due to chloroform 
poisoning, we recoided the negative reaction to long periods of ether 
anesthesia preceded by fasting 

On the four days following the second expeiiment vith chlorofoim 
anesthesia on the same dog (table 1), there weie identical reactions 
and high figures for the elimination of phthalein In spite of a longer 
fast and a somewhat longei duiation of tne anesthesia, the injuiy 


17 Foster, D P , and Whipple G H Am J Physiol 58 407, 1922 
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Table 1 — Seveie Hepatic Injtay and the Eltnwiatwn of Phtlialcvi in the Uiinc of 

Dog 29-22, Weight, 18 5 Kg 



Output of Phenolsul- 





phonphthaleln, per Cent 

Output of Urine, Cc 










First 

Second 

Total 

First Second 

Total 

Fibrin Mg 

Dite 

Hour 

Hour 

2 Hours 

Houi Hour 

2 Hours 

per 100 Cc 

11/19 

75 

9 

84 

35 124 

159 


11/22 

66 

11 

77 

20 30 

50 


11/23 

65 

7 

72 

30 51 

81 

264 

11/25 

Chloroform anesthesli. 60 minutes, fasting, 24 hours 



11/26 

84 

11 

95 

30 121 

151 

221 

11/27 

82 

11 

93 

57 170 

227 

76 

11/29 

86 

10 

90 

150 200 

350 

125 

11/30 

80 

6 

SO 

38 105 

143 

202 

12/ 2 

69 

11 

SO 

95 160 

255 


12/ 3 

71 

10 

81 

95 233 

328 


12/ 7 

69 

8 

77 

95 205 

300 


12/17 

64 

16 

80 

10 25 

35 


12/20 

Ether 

anesthesia, 

00 minutes 

, fasting, 24 hours 



12/22 

72 

8 

80 

60 300 

360 


12/31 

64 

10 

74 

15 140 

155 


1/ 1 

66 

10 

76 

30 140 

170 


1/ 6 

Ether 

anesthesia 

60 minutes 

, fasting, 64 hours 



1/ 7 

69 

13 

82 

15 185 

335 


1/ 9 

69 

11 

80 

28 175 

203 


1/11 

72 

7 

79 

45 250 

295 


1/13 

65 

11 

70 

30 200 

230 


1/14 

66 

14 

80 

65 235 

300 


1/15 

Chloroform anesthesia 75 minutes , fasting, 51 hours 



1/16 

78 

15 

93 

85 63 

148 


1/17 

79 

9 

88 

50 43 

93 

127 

1/18 

80 

7 

87 

150 228 

278 

100 

1/19 

85 

10 

95 

95 200 

295 


1/21 

77 

3 

80 

105 139 

244 


1/23 

64 

10 

74 

15 50 

65 



Table 2- 

—Hepatic Inpity and the Elimination of Phthalein in the Urine 


Output of Phenolsul- 





phonphthaleln. 

per Cent 

Output of^Urine, Cc 



f 




% 



First 

Second 

Total 

First 

Second Total 

Icterus 

Date 

Hour 

Hour 

2 Hours 

Hour 

Hour 2 Hours 

Index 



Dog 29-32, weight 18 5 Kg 


10/17 

72 

3 

75 

90 

200 290 


10/22 

69 

9 

78 

30 

130 160 


10/23 

64 

8 

72 

70 

180 250 


10/24 

56 

17 

73 

25 

90 115 


10/25 

Chloroform anesthesia, 60 

minutes , 

fasting, 25 hours 


10/26 

63 

11 

74 

20 

15 35 


10/28 

88 

11 

99 

90 

150 240 


10/29 

78 

19 

97 

130 

100 230 


10/30 

88 

11 

99 

60 

30 90 


10/31 

89 

10 

99 

63 

50 115 


11/ 6 

69 

9 

78 

20 

50 70 


11/ 8 

70 

10 

80 

60 

135 185 


11/ 9 

71 

15 

86 

15 

39 54 


11/11 

75 

10 

85 

29 

91 120 


11/16 

57 

14 

71 






Dog 29-322, weight 17 Kg 



7/ 2 

67 

10 

77 

50 

100 150 


7/ 3 

63 

10 

73 

69 

160 229 


7/12 

69 

q 

78 

148 

270 418 


7/14 

61 

11 

72 

30 

250 280 

3 

7/14 

Chloroform anesthesia, 75 

minutes , 

fasting, 51 hours 


7/15 

77 

11 

88 

160 

320 480 


7/16 

72 

19 

91 

105 

290 395 

20 

7/17 

7S 

11 

S9 

140 

140 2S0 


7/19 

62 

16 

78 

150 

160 310 

S 

7/21 

66 

12 

78 

85 

250 335 

3 

7/22 

63 

11 

74 

95 

210 305 
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to the liver, as indicated by the values for fibrin which were depressed, 
was probably not as great as in the first expeiiment on this dog in 
which the values for fibrin were very low (table 1) This statement 
IS based on wide experience with necrosis (due to chloroform) and 
repair of the livei under various controlled conditions 

Table 2 shows two moie typical experiments with chloroform 
anesthesia, injury to the liver and an increased elimination of phthalem 
in the urine The figures for the elimination of phthalem are higher 
for dog 29-32 than for dog 29-322, which would indicate a somewhat 
higher grade of hepatic injury, but we have no figures for the fibrin 
to prove it Dog 29-32 was sick for two days during which traces of 
bile showed in the urine, but she lecovered promptly Dog 29-322 
was not clinically ill at any time As a general rule, younger dogs 
are more susceptible to chloroform poisoning than oldei animals, and 


Table 3 — Mtld Hepal:c Injniy and fhe EhmmaUon of Phthalem m the Urine of 

Dog 29-227, Weight, 16 Kg 


Output of Phenolsul- 

phonphthalein, pei Cent Output of Unne, Cc 

^ ^ , ^ A 



First 

Second 

Total 

First 

Second 

Total ' 

Fibrin Jig 

Date 

Hour 

Hour 

2 Hours 

Hour 

Hour 

2 Hours 

per 100 Cc 

1/11 

60 

9 

69 

55 

210 

263 

293 

1/14 

64 

8 

72 

93 

278 

373 

294 

1/16 

63 

9 

64 

20 

160 

180 


1/17 

63 

10 

73 

78 

233 

313 


1/17 

1/18 

Chloroform anesthesia 75 
69 10 79 

minutes , fasting, 51 hours 
90 20S 

298 

346 

1/19 

SO 

9 

89 

120 

190 

310 


1/21 

78 

10 

88 

50 

195 

245 


1/23 

65 

6 

71 

3 

38 

61 


1/28 

55 

16 

71 

60 

309 

369 


2/ 7 

66 

13 

79 

58 

238 

316 


2/ 9 

67 

10 

77 

60 

220 

280 



a longer period of fasting usually lenders a dog more susceptible, but 
there aie individual differences which at present we cannot explain 
The icteius index in the second experiment (table 2) showed a rise 
that IS invariably present in cases of hepatic necrosis of moderate or 
slight grade In this dog the elevated elimination of phthalem lasted 
only three days 

Table 3 shows a mild case of hepatic injury due to chloroform, 
as indicated by the use in the figures for fibrin This dog (29-227) 
took the chloroform anesthesia poorly and was given less chloroform 
than usual, which may explain the slight hepatic injury associated with 
seventy-five minutes’ anesthesia We have repeatedly observed that 
slight hepatic necrosis, like neciosis of tissue elsewhere (steiile abscess), 
will cause a use in the blood fibrin, whereas moderate oi severe hepatic 

18 Davis, N C Liver Regeneration Following Chloroform Injury as Influ- 
enced by Various Diets, Arch Int Med 23 711 (June) 1919 
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necrosis caused by chloioform will cause a moderate or notable decrease 
in blood fibrin, due in part to hepatic dysfunction and insufficiency 
The rise in the elimination of phthalem was only moderate and definitely 
less than the figuies recoided m tables 1 and 2 None of these dogs 
showed an albuminuria befoie or after the chloroform anesthesia 

In this group of expeimients uiea clearance tests were performed, 
but owing to inexperience with the methods, we have not included 
them 111 this lepoit In general, howevei, our lesults suggested an 
iiici eased clearance aftei the administration of chloroform As a 
rule, the blood uiea showed a drop As far as we know, there is no 
repoit 111 the literatuie on the vanations from noinial of the urea 
cleaiance test in cases of hepatic damage with normal kidneys We 
hope to gne this subject fuither study 

In order to bring additional evidence that the livei in dogs is 
impaired in its ability to exciete phthalem after chloroform anesthesia, 
a diffieient type of experiment was perfoimed 

The normal level of the output of phthalem was determined The dog was 
then starved and given chloroform in the usual manner The excretion of 
phthalem^ in the urine was determined twelve and thirty-six houis after the 
administration of chloroform, and was found to be increased during the two hour 
period from the normal of from 70 to 75 per cent to 88 per cent, as in similar 
experiments already tabulated Forty-eight hours following the chloroform 
anesthesia, the dog was given a general ether anesthesia, a cannula w^as inserted 
into the common duct, and the bile and urine were collected over a tw'O hour 
period following the injection of 60 mg of phthalem The flow' of bile w'as greatlj 
decreased, only 2 cc being collected, and no trace of phthalem could be demon- 
strated m it The kidnejs excreted 40 cc of urine, which contained 25 per cent 
of the dye The dog w'as killed under ether anesthesia At autopsy, the liver 
show'ed typical marked central necrosis, but the other organs -were normal An 
alcoholic extract of macerated liver gave no trace of the phthalem, w'hereas an 
extract of the kidneys contained large quantities of it In similar experiments, 
only without a preceding chloroform anesthesia, dogs under ether anesthesia 
showed a flow' of bile containing from 9 to 10 per cent of the phenolsulphon- 
phthalem origmallj injected 

Phosphoius poisoning causes a characteristic hepatic injury, but 
the experiments are difficult to control with the accuracy possible in 
experiments on chloroform poisoning The usual difficulties weie 
encountered in this t3pe of experiment, and we record no experiment m 
detail as the change m the elimination of phthalem was much less 
marked In several dogs with moderate phosphorus poisoning, the 
elimination of phthalem rose somewhat above control levels, but not 
to the same extent noted m hepatic injury due to chloroform 

The Elimination of Phthalem in the Bile of Normal Dogs Under 
Ether Anesthesia — Obviously dogs undei ether anesthesia are not 
strictly normal, nor aie dogs with biliary fistulas of many weeks’ dura- 
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tion, yet fiom experiments on both types evidence as to how much 
phenolsulphonphthalein is eliminated by the liver may be gamed The 
following two experiments give evidence that the normal dog undei 
ether anesthesia will eliminate 10 per cent or more of the injected 
phthalein through the bile during a period of two hours 

Experiment A (dog 29-4) — At 10 25 a in , 150 cc of bile was given by 
stomach tube to increase the flow of bile At 11 25 a m , the administration of 
ether was begun A cannula was inserted in the common bile duct and m the 
urinary bladder At 12 38 p m , 60 mg of phenolsulphonphthalein was injected 
into the jugular vein, followed by 300 cc of physiologic solution of sodium chlo- 
ride injected slowly At 12 45 p m the phthalein made its first appearance in 
the bile, and at 12 48 p m , its first appearance in the urine At 2 38 p m , the 
dog was killed under ether anesthesia 

Examination of 30 cc of urine two hours after the injection of phenolsulphon- 
phthalein showed 74 per cent of the dye Five cubic centimeters of bile from the 
cannula returned 4 per cent of phenolsulphonphthalein, while 15 cc of bile from 

Table 4 — Bihaiy Fistula and the Ehmuiatwn of Phthalein 


Phenolsulphonphthalein 

/ ^ ^ 

Output, per Cent BilHrj 

Injected / * ^ How of Urine, Cc Plow, 

Intraien- Urine Urine Bile , ^ ^ Cc In 


Dog * 

Date 

ously, :Mg 

2 Hours 

0 Hours 

C Hours 

2 Hours 

6 Hours 

6 Hours 

29-8 

6/12 

60 

95 

99 

Trace 

245 

645 

18 


6/13 

00 

88 

93 

Trace 

350 

970 

11 


6/14 

60 

83 

89 

Trace 

140 

235 

27 

29 169 

6/12 

00 

80 

84 

7 

283 

435 

14 


6/13 

60 

82 

83 

9 

302 

418 

15 


6/14 

60 

83 

8b 

7 

250 

415 

33 


* An operation for biliary fistula was performed on dog 29-8 on February 20 and on dog 
29-169 on Februarj 25 

the gallbladder returned 6 per cent The total recovery of phenolsulphonphthalein 
was 84 per cent of the amount originally injected into the dog 

Experiment B (dog 29-244) — At 1 30 p m, 150 cc of bile was given bj 
stomach tube to dog 29-244, which weighed 5 Kg At 2 p m , anesthesia was 
begun by the injection of iso-amyl-ethyl barbituric acid, intraperitoneally, supple* 
mented with ether Cannulas were inserted into the common duct and the urinary 
bladder, and the cystic duct was ligated At 2 50 p m , 60 mg of phenolsulphon- 
phthalein was injected intravenously At 2 58 p m , it made its first appearance 
in the bile, and at 3 p m , its first appearance in the urine , there was, however, a 
lack of diuresis At 4 50 p m , the dog was killed under ether anesthesia 

Two hours after the injection of phenolsulphonphthalein had been made in the 
total collection of 50 cc of urine there was 67 per cent of phthalein In the total 
collection of 8 cc of bile there was 9 per cent of the dye The bile of the gall- 
bladder did not show phthalein There was, therefore, a total recovery of 
76 per cent of the phenolsulphonphthalein injected 

At autopsy, the tissue of the liver and the kidney of both dogs was found to 
be normal in gross and in histologic sections 

To supplement the short expeiiments on the elimination of phenol- 
sulphonphthalein 111 the bile during ether anesthesia, we utilized dogs 
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with closed stenie biliaiy fistulas These dogs weie opeiated on by 
Dr H P Smith according to a technic desciibed elsewhere Table 
4 shows that bihaiy fistulas may vary widely in their capacity to 
eliminate phenolsulphonphthalein in the bile It is known that these 
fistulas ma} lose their capacity to eliminate d^es Both these dogs 
had been undei obseivation with a daily collection of bile for about four 
months In some instances the piesence of infection in the biliaiy pas- 
sages may be paitly lesponsible for the diffeience Whatever the cause, 
from the biliary fistula of one dog there was but a trace of phthalein m 
the bile and a distinctly high output in the uiine In the biliaiy fistula of 

Table 5 — ObstuicUon of the Bile Duct and the Ehimuation of Phthalein ni 

the Ui me 


Output of Phenolsul- 
phonphthalein, per Cent Output of Urine, Cc 



First 

Second 

Total 

First 

Second 

Total 

Icterus 

Date 

Hour 

Hour 

2 Hours 

Hour 

Hour 

2 Hours 

Inde'^ 



Dog 29-227 , weight 

16 Kg 




5/19 

00 

8 

74 

60 

250 

310 


5/21 

01 

11 

72 

00 

285 

340 


5/23 

02 

9 

71 

105 

205 

310 

4 

5/24 

Common duct ligated 





5/26 

80 

5 

85 

18 

165 

183 

24 

5/28 

74 

12 

86 

38 

360 

434 

70 

5/30 

78 

10 

88 

87 

420 

507 

70 

6/ 2 

71 

13 

84 

93 

214 

307 

70 

6/ 4 

74 

10 

84 

57 

170 

227 


6/ 9 

81 

12 

93 

33 

124 

157 


0/10 

67 

17 

84 

65 

198 

263 


0/16 



91 



250 




Dog 29-307, weight 

13 Kg 




7/15 

00 

7 

73 

190 

70 

260 


7/17 

67 

9 

76 

130 

255 

385 


7/18 

00 

10 

76 

90 

225 

315 

4 

7/19 

Common duct ligated 





7/21 

67 

11 

78 

109 

46 

155 

8 

7/22 

70 

11 

87 

133 

52 

185 

20 

7/24 

57 

33 

90 

70 

79 

149 

40 

7/20 

72 

13 

85 

132 

130 

262 

40 

7/29 

81 

12 

93 

190 

85 

275 

45 

8/ 1 

74 

9 

83 

200 

70 

270 

70 

8/ 5 

71 

12 

83 

85 

140 

225 

70 


dog 29-169 (table 4), the output of phthalein was between 7 and 9 
per cent in the bile and between 80 and 83 per cent in the urine On 
June 14, both dogs weie given bile by mouth, with a moderate chola- 
gogue effect which did not modify the elimination of phthalein in the 
biliary fistula 

Obstuiciwn of the Btle Duct — Dogs with obstructed common 
ducts show a definite rise in the elimination of phthalein by way of the 
kidneys (table 5) These figures are not quite as high as they are 
in dogs with marked hepatic injury due to chloioform, and to explain 

19 Smith, H P , Groth, A H , and Whipple, G H J Biol Chem 80 659, 
1928 
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the difference two factors are suggested 1 In heavily pigmented 
urine, the phthalem is more difficult to read, and the method of sepa- 
ration of the bile pigments cariies down a little phthalem 2 Even 
in an obstructed common duct some phthalem is taken into the epi- 
thelium of the liver and the bile canahcuh 

We noted the expected rise in the icterus index After completion 
of these observations the dogs weie killed with ether Autopsy showed 
the usual picture associated with continued biliary obstruction The 
common bile ducts were completely occluded by the ligatures Except 
for bile stains, the kidneys and visceia were normal 

Of similar nature is an experiment on a dog with an Eck fistula 
m which a closed sterile biliary fistula had been produced by Dr H P 
Smith m connection with other expeiimental work After a time, 
biliary obstruction developed m this dog (table 6), due to blocking of 

Table 6 — Eck Fistula with Paitial Obstruction of the Bile Duct and the Elimi- 
nation of Phthalem in Dog 29-14, Weight, 13 ± Kg 


Output of Phcnolsul- 

phonphthalem, per Cent Output of^Urine, Cc 

First Second Total First Second Total 


Date 

Hour 

Hour 

2 Hours 

Hour 

Hour 

2 Hours 

2/11 

91 

5 

96 

70 

86 

150 

3/ 3 

87 

4 

91 

80 

75 

155 

3/ 4 

67 

15 

82 

90 

240 

330 

3/ 5 

77 

6 

83 

85 

100 

185 

3/ 6 

Ether anesthesia 

120 minutes 




3/24 

90 

7 

97 

55 

215 

270 

4/ 4 

80 

5 

85 

165 

240 

405 

4/ 8 

84 

3 

87 

160 

115 

275 

4/29 

78 

6 

84 

100 

131 

281 


the flow of bile m the tube of the fistula The dog remained in good 
health and eventually a partial drainage of bile was established into the 
duodenum Preoperative, control tests made with phthalem were not 
available 

In this dog the elimination of phthalem by the way of the kidney 
was high (table 6), and held about the same level as that noted in the 
dogs with obstructed common bile ducts This was to be expected m 
spite of a slight drainage of bile during the last part of the experiment 
A liver with an Eck fistula is known to be subnormal functionally, 
and there is less elimination through the liver on this account On 
March 6, during the period of ether anesthesia (table 6), the bile ducts 
were explored The dog died on March 30 Autopsy showed the 
atrophied liver usually seen m the case of an Eck fistula, with a little 
fatty change The kidneys were normal 

The Effect of Cholagogue and the Oial Admimsti ahon of Phenol- 
sidphonphthaletn — We suspected that an active cholagogue effect 
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might sweep more phenolsulplionphthalein into the bile than was usual 
and therefore decrease the urinary output We have alieady noted 
(table 4) that m dogs with biliary fistulas, whether a cholagogue is used 
or not, there is no difference in the elimination of phthalein m the bile 
In nonnal dogs carefully standardized for the elimination of phthalein 
by way of the kidney, we have repeatedly tested the influence of large 
doses of bile given by mouth Whethei or not there may be a slight 
inciease m the output of phthalein m the bile under these conditions, 
there is a unifoiml}’’ normal urinary output of phthalein These dogs 
were given 150 cc of bile by stomach tube one hour before the 
phthalein was given intravenously The phthalein eliminated in the 
urine was always within control limits 

The gastro-intestinal tract absorbs a limited amount of phenol- 
sulphonphthalem given by mouth In a series of dogs in which 30 
mg of phenolsulplionphthalein was given by stomach tube, only from 
3 to 5 per cent appeared in the urine and only traces in the feces 
Obviously, intestinal absorption plays no role in any of the reactions 
that we have studied In a normal dog, granting 20 per cent elimi- 
nation of phthalein by way of the bile, we could expect only 5 per cent 
of this amount to be absorbed This amount of phenolsulphonphthalein 
IS within the limits of error of any method of analysis 

COMMENT 

It IS obvious that the liver of the normal dog excretes from about 
10 to 15 per cent of the usual dose of phenolsulphonphthalein, and 
when this route of escape is blocked, the surplus appears m the uiine, 
giving figures proportionately greater, as recorded in the various tables 
cited Phthalein which escapes into the gastro-intestmal tract is 
absorbed only to a limited degree — not in excess of 5 per cent of the 
amount secreted into the duodenum, so that reabsorption from the bile 
can be dismissed as a factor of no importance 

Clinically, this reaction may have some significance, as an unusually 
high elimination of phthalein in the urine would suggest an abnormal- 
ity m the liver When abnormalities are present in both the liver and 
the kidney of a patient, careful study might solve the puzzle, but judg- 
ment would indeed be difficult However, if the clinician understood 
these possibilities, he would not be led astray by an unusual elimination 
of phthalein in the urine 

SUMMARY 

From our experiments it is clear that m dogs with necrosis of the 
liver due to chloroform poisoning there is a distinct rise in the 
elimination of phenolsulphonphthalein by the normal kidney A rise 
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in the elimination of phthalem fiom a control level of from 75 to 78 
pei cent, to from 90 to 97 per cent may be noted With repair of 
the hepatic injury, the elimination of phthalem retmns to normal 
Phosphorus poisoning gives a similar but less striking leaction 

\^hth experimental biliary obstruction m the dog, the same general 
reaction is noted, with a definite inciease in the elimination of phenol- 
sulphonphthalem by the normal kidney 

Aftei hepatic mjur}'’ due to chloroform, the dog’s liver does not 
remove phenolsulphonphthalem from the blood stream and does not 
excrete it in the bile, whereas in a normal dog, the livei removes much 
phthalem from the blood, and about 10 per cent of the injected 
phthalem may be recoveied from the bile within two hours 

A chronic biliaiy fistula and an Eck fistula may peimit a smaller 
excretion of phenolsulphonphthalem in the bile and a corresponding 
rise in the elimination of phthalem in the mine 

Theie is no evidence that cliolagogue, whether in the noimal dog 
01 in one with a biliary fistula, inci eases the elimination of phthalem 
by wa} of the bile, and consequently the urinary excretion of phthalem 
IS unchanged 

Phenolsulphonphthalem given by mouth is absorbed and leappears 
m the urine only m quantities equal to from 3 to 5 per cent of the 
phthalem administered Reabsorption, therefore, is a negligible fac- 
toi when applied to the phenolsulphonphthalem eliminated through the 
bile into the duodenum 

Fiom these experiments and the observations of other workers, 
it ma} be concluded that the elimination of phthalem by the liver and 
kidney under these conditions is identical m the dog and man 

Clinicall} an unusually high renal elimination of phenolsulphon- 
phthalem should suggest pathologic changes in the liver Combined 
lenal and hepatic disease calls for cautious analysis of the renal elimi- 
nation of phenolsulphonphthalem 



TUMORS OF THE SUPRARENAL GLAND WITH 
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CHICAGO 

Four syndiomes aie recognized as associated with changes in the 
suprarenal gland The fiist, Addison’s disease, is due to hypof unction 
of the suprarenal cortex as a lesult of disease, usually tuberculosis 
This condition is a well recognized entity and need not be discussed 
here The second pictuie is that seen as a lesult of tumor of the supra- 
renal medulla, its characteristic features lesult fiom metastatic phe- 
nomena, as desciibed by Hutchison and Peppei These will be discussed 
more fully in the section of this paper on pathology The third is the 
recently described picture of cytotoxic degeneration of the suprarenal 
cortex, and may be found desciibed m recent periodicals The fouith 
syndrome is that described by Gallais ^ as “le syndiome gemto-surrenal,” 
and is seen m tumors of the supiarenal cortex with neoplastic tendencies 
To acquaint the physician better with this syndiome we shall report 
a case and emphasize the chai actei istic symptoms and signs of the 
picture The desirability of early lecognition of the tumor is obvious, 
especially in the light of recent leports on the suigical lemoval of tumors 
of the supiarenal capsule, with complete lecoveiy 

REPORT OF A CASE 

Histoiy — M R, a white girl, aged 13, entered the service of Dr A Strauss 
complaining of pain in the chest and the abdomen, dermatitis, indigestion and 
epileptiform attacks 

She had felt well until eight weeks before, when she was seized with a severely 
sharp pain in the lower right side of the chest A few minutes later she com- 
plained of pain 111 the abdomen, which was not a radiation from the pain in the 
chest No nausea or vomiting occurred Constipation had continued to the tune 
of admission The abdominal pain had recurred two or three times daily after 
the ingestion of any food 

Submitted for publication, Jan 12, 1931 
•^From the Medical Service and Stomach Study Group, Michael Reese 
Hospital 

1 Gallais, Alfred Le syndrome gemto-surrenal, etude anatomo-clinique, 
These, Pans, 1912, no 225 
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The dermatitis was of about five months’ duration It was an acneform rash, 
covering the face and trunk and not affecting the extremities 

Llenstruation, which had started when the patient was 12j4 years of age, was 
of the regular twenty-eight day type, each period lasting between three and four 
days The menses had ceased three months before admission Other facts in the 
history A\ere irrelevant 

Physical Evamination — The patient was extremely well developed and well 
nourished and did not seem to be acutely ill Although only 13 years of age, she 
had the appearance of a person of 19 or 20 

A papular and pustular lesion was present on the face, the neck and the ante- 
rior portion of the chest and extended over the entire back to the buttocks There 
were many comedones on the face, and moderate dermatographia The facies was 
negroid, which was accentuated by hirsuties 

The breasts were slightly developed The genitalia showed an abnormal growth 
of pubic hair, with a distinct tendency to masculine distribution 

The left border of the heart was 11 cm to the left of the midsternal line in 
the fourth interspace, and 3 cm to the right The heart was probably displaced 
upward by a combination of enlarged liver and distended abdomen, rather than 
being itself enlarged The tones were regular and of good intensity There was a 
soft systolic blowing murmur at the base of the left lung The blood pressure 
was 158 systolic and 85 diastolic 

The abdomen was full and somewhat distended There was no fluid or 
rigidity 

The upper border of the liver reached the fourth rib, while the lower border 
was at the level of the umbilicus, the edge was felt to the left as far as the left 
nipple line The edge and surface were irregular, there were several palpable 
nodules, and the consistency was increased 

The spleen was not palpable, and the kidneys were not felt 
The Wassermann and Kahn reactions were negative, the blood count showed 
leukocytosis, wnth an increase in polymorphonuclears Chemical examination of 
the blood showed that it was normal, and the icteric index and van den Bergh 
reactions were negative On two occasions the urine showed albumin and a few 
pus cells A complete series of roentgenograms of the gastro-intestmal tract 
failed to disclose a pathologic process A roentgenogram showed the right kidney 
to be somewhat enlarged, but with a smooth outline 

Coiiise — During the patient’s stay m the hospital, the liver seemed to be 
enlarging dowmward, particularly to the left It was questionable whether or not 
the spleen was palpable The right lobe of the liver seemed to be irregular, and 
had a stratified, steplike anterior surface 

A blood smear disclosed about 5 per cent immature leukocytes, most of them 
myelocytes 

Epigastric fulness and pain seemed to become more severe from day to day, but 
there was no qualitative distress from food The patient was given hourly 
feedings of milk and cream, with additional small feedings of a soft diet, three 
times a daj’- She refused food so persistently that a duodenal tube was introduced 
for feeding 

About the eighth daj after admission, the patient began to look more acutely 
ill At 4 p m her temperature rose above normal for the first time, reaching 
100 F, and her pulse rate was 116 

Little progress was made in the formation of a diagnosis The icteric index 
and \an den Bergh reaction practically ruled out hypertrophic biliary cirrhosis 
The negative Wassermann reaction spoke against syphilitic cirrhosis or hepatitis 
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The possibility of a myelogenous leukemia was considered m view of the finding 
of immature leukocytes, however, either a derangement in the physiology of the 
liver or leukocytosis might explain the presence of an occasional myelocyte A 
vascular accident in a congenitally malformed liver might constitute the underly- 
ing pathology of the case Cystic adenoma of the liver was also considered as a 
possibility A possible endocrine disturbance was considered to explain the 
patient’s overgrowth and the masculine distribution of hair 

One week after admission, signs and symptoms of mtra-abdominal hemorrhage 
developed, and death occurred seven hours later 

Posfmo)tcm Evamination — Autopsy was performed by Dr Otto Saphir The 
head was covered with a good growth of coarse, kinky, black hair There was a 
marked growth of pubic hair The skin was sallow There were many discrete 



Fig 1 — Tumor of the suprarenal gland 

small pustules on the forehead, chin and chest The breasts were small, but the 
nipples and areolae were well developed The abdomen was somewhat distended 
The body from the pelvis down had the development of a 20 year old woman 
The vulva was edematous and there was a slight degree of edema of the lower 
extremities 

The pleural and pericardial cavities did not contain excessive amounts of fluid 
or adhesions The peritoneal cavity was filled with about 1,500 cc of bloody fluid 
The liver extended to the level of the umbilicus A large, spherical mass having a 
diameter of about 17 cm was palpable m the region of the left kidney 

The heart was about normal in size There were slight hypertrophy and 
dilatation of the left ventricle The auricles, the right ventricle and the valvular 
apparatus appeared normal Changes were not noted in the aorta 

The lungs were nearly normal in size, soft and air containing On the 
visceral pleurae a few firm, raised, grayish nodules, having an average diameter 
of 2 mm , were found, which, on section, presented gray, granular surfaces 
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Sections of the lungs ■were deep pink There were a few areas that were slightly 
raised and that presented a grajnsh granular appearance The larynx and trachea 
were normal 

The liver was markedly enlarged and Aveighed about 3 Kg There was a tear 
at the inferior border of the left lobe, about 3 cm in length Many irregularly 
circular, firm, raised, pinkish-gray areas were seen beneath the capsule on all the 
surfaces of the liver The tissue between these nodules was bluish red m areas 
and yellow'ish brown in other portions On section, numerous raised, firm, yel- 
lowush-gray, granular masses were seen throughout They varied in size from 1 
to about 3 cm The intervening tissue ivas yellowish brown In some areas the 
central zones appeared as gra 3 ush-red dots, many of which were fused by con- 
fluence to form a prominent bluish-red network 



Fig 2 — Histologic section of the tumor showing cells and areas of necrosis 
and degeneration 


The spleen was normal m size The capsule was smooth and bluish gray, and 
on section the cut surface was dark red, and numerous malpighian corpuscles 
could be seen 

The site of the left kidney was completely replaced by a tumor mass measuring 
17 bj 13 b> 7 cm This mass w'as covered by a thin fibrous capsule, which when 
separated disclosed the left kidney lying in a medial and posterior position The 
left kidnev was somewhat smaller than normal and was apparently compressed 
lateromediallj The capsule of the kidney was not involved by the tumor It 
stripped vith ease, reieahng the surfaces of the kidney to be smooth and pale 
brown The stellate veins were hyperemic On section, the architecture of the 
cortex and the medulla was distinct The pyramids were somewhat hyperemic 
The right kidney appeared normal The renal pelves, ureters and urinary bladder 
did not show' gross changes 
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The tumor was fairly soft and had a lobulated appearance On section, broad 
bands of connective tissue were seen which divided the tumor into several large 
lobes In areas this connective tissue appeared to be hyalinized, and in other 
portions, hemorrhagically discolored The tumor tissue was yellowish gray, soft 
and very friable It had a granular architecture In portions the tumor tissue 
was compact and firm, while in other portions it was mushy 
The right suprarenal gland appeared normal 

The lymph nodes throughout the peritoneal cavity and those attached to the 
pericardial sac showed marked enlargement About the hilus of the liver and 
attached to the serosa of the neck of the gallbladder were several lymph nodes 
The nodes had an average diameter of about 1 cm Most of them were soft and, 
on section, presented yellowish-gray, granular, cut surfaces 
The thyroid gland did not show gross pathologic changes 



Fig 3 — Microscopic section of the tumor showing carcinoma cells and areas of 
necrosis and degeneration 

The uterus appeared to be maturely developed and nulliparous The tubes and 
ovaries were normal 

The anatomic diagnosis was primary carcinoma of the left suprarenal gland 
with metastases to the pleurae, the liver and the peritoneal and mediastinal nodes , 
hemoperitoneum , slight hypertrophy and dilatation of the left ventricle, chronic 
passive hyperemia of the liver, lungs, kidneys and intestines , fat infiltration of the 
liver, precocious development, early bronchopneumonia, and virilism 

Microscopic examination was made by Dr Otto Saphir Sections of the left 
suprarenal gland showed a marked new formation of cells in some of the fields 
Most of these were apparently epithelial They were very large and showed 
granular cytoplasm Many cells were hexagonal, while others appeared more 
square Some of the cells resembled those of the zona fasciculata In general, the 
cells varied in size, form and staining quality The nuclei stained a deep blue, and 
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most of them were vesicular and eccentrically situated Many mitotic figures were 
found invading the tissue Other areas showed an abundant amount of necrosis 
and hemorrhage, with only remnants of cells Other fields showed cells invading 
the walls of veins, while in others the veins were filled with tumor cells The 
sections showed little stroma between the tumor cells 

Microscopic examination of the lungs showed a few more or less circumscribed 
areas with an invasion of tumor cells similar to those in the left suprarenal gland 
Some of these vessels in the section were filled with tumor cells 

Sections of the heart showed the muscle fibers to be somewhat larger than 
normal A few fields showed an extension of the epicardial fat tissue into the 
myocardium 

Sections of the liver showed large nodules that were made up entirely of 
tumor cells The necrosis here was slight, and therefore the shape of the tumor 
cells could be studied to great advantage The surrounding liver tissue was 
markedly compressed 

Sections of the right suprarenal gland showed a large cortical adenoma 
Pathologic changes were not noticeable A section of the hypophysis did not 
show histologic changes 



Fig 4 — Metastasis to the liver 


SYMPTOMS 

Though individual cases present marked variability in the character 
and intensity of the s}mptoms which they present, the picture of supra- 
renal cortical tumor is always so characteristic that the only excuse 
for failure to make an early diagnosis is lack of familiarity with the 
syndrome which Gallais has appropi lately named “le syndrome genito- 
surrenal ” 

The symptoms vary, first, depending on the age at which the tumor 
develops Gallais, foi instance, described four forms (1) congenital, 
(2) early acquired, (3) menstrual and (4) obstetric Apert ^ described 

2 Apert, E Dystrophies en relation avec des lesions de capsules surrenales, 
hirsutisme et progenia, Bull Soc de pediat de Pans 12 501, 1901 , Sur I’hirsutisme, 
Bull et mem Soc med d hop de Pans 49 131, 1925 
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five foims Hoskins^ simplified the classification somewhat, and 
described three foims (1) hypei trophy of the suprarenal coitex dur- 
ing fetal life, pioducing pseudoheimaphioditism (illusti alive of this 
form is a case lepoited by Qumby,* m which he desciibed a giil who 
was laised as a boy because of the masculine status and genitalia) , (2) 
hypertiophy during eail}^ postnatal life, resulting m the pioduction of 
pubeitas praecox, and (3) hypei tiophy after pubeity, pioducing viiihsm 
or hiisutism 

WJieieas othei glandulai dysfunctions, paiticulaily those lesulting 
fiom tumor of the pineal gland and alteiations of the sexual glands, may 
lesult m the abnoimal giowth of hair, maiked physical development 
and the piematuie development of secondaiy sexual characteristics, 
other symptoms produced by hypei tiophy of the siipiaienal coitex 



Fig 5 —Microscopic section showing metastasis to the livei and periportal 
spaces 

serve to diff ei entiate the “syndiome genito-suiienal” fiom othei causes 
of hypertrichosis and vnilism 

The sexual alteiations pioduced by hypei tiophy of the supraienal 
coitex aie always m the diiection of mascuhnization — towaid the adult 
male type Thus, the young female becomes pseudoheimaphroditic. with 
an enlaigenient of the clitoiis, an eaily giowth of pubic hair and a 
tendency foi its distribution to assume the masculine type The young 
male exhibits piecocious pubeity,. with sexual preeocity No evidence 

3 Hoskins, R G Hypei genitalism and liypogemtahsm, in Abt, I A 

Pediatrics, Philadelphia, W B Saunders Company, 1924, p 745 

4 Quinby, W C A Case of Pseudo-Heimaphroditism, with Remarks on 
Abnormal Function of the Endocrine Glands, Bull Johns Hopkins FIosp 27 SO 
1916 
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has been found, however, to indicate an increase in spermatogenesis, 
rather, the reverse seems to be true The type of sexual alteration 
produced by hypertrophy m early adult life is well illustrated by our 
case and by that described by Gordon Holmes His case was that of 
a large, slowly glowing tumor of the right suprarenal cortex in a young 
woman The tendencies toward the loss of feminine sexual character- 
istics with a change toward masculimzation were exhibited as follows 
(1) alterations in the sexual organs, with atrophy of the uterus and 
overgrowth of the clitoris , (2) disturbance of the sexual functions, 
especially amenorrhea, (3) changes in the secondary sexual character- 
istics, with an abnormal growth of haii, atrophy of the breasts, alterations 



Fig 6 — Microscopic section showing metastasis to the lung 


in the distribution of fat and the development of masculine limbs, and 
(4) psychic changes, with loss of erotic feelings and lack of modesty 

An important observation m the genito-suprarenal syndrome is the 
presence of hypertension Oppenlieimer and Fishberg ® called particular 
attention to this symptom in association with suprarenal tumors It 
will be noted that on admission to the hospital our patient, a girl of 13, 
had a blood pressure of 158 systolic and 85 diastolic, with no evidence 

5 Holmes, Gordon A Case of Virilism Associated with a Suprarenal 
Tumor Reco^erv After Its Removal, Quart J Med 18 143, 1924-1925 

6 Oppenheimer, B S , and Fishberg, A M The Association of Hyperten- 
sion with Suprarenal Tumors, Arch Int Med 34 631 (Nov ) 1924 
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of nephritis The reason for the production of h 3 fpertension is obscure, 
for Tokumitsu has shown that the injection of suprarenal cortex into 
animals, unlike the effect of medullary extract, causes a drop m the 
blood pressuie 

Pigmentation is frequently found associated with tumors of the supra- 
renal cortex It diffeis m distribution from that found in Addison’s 
disease, and is not a constant observation Rough skin and an acneform 
eruption, especially over the trunk and face, are also fairly frequent 
symptoms Attention was called to this condition by Jump, Beates and 
Babcock,® wdio analyzed 18 cases of tumor of the suprarenal coitex m 



Fig 7 — Microscopic section showing metastasis to the liver 

1914 It was present in our case Some patients display mental precocity. 
The majority are, however, mentally dull, with a diminution, particularly 
in females, m what would appear to be an instinctive sense of modesty. 
Riesman® called attention to the occasional occurrence of gastric dis- 

7 Tokumitsu, Y On the Function of the Suprarenal Cortex and Its Rela- 
tion with Other Endocrine Glands, Japan M World 3 212, 1923 

8 Jump, H D , Beates, N, and Babcock, W W Precocious Development 
of the External Genitals Due to Hypernephroma of the Adrenal Cortex Am J 
M Sc 147 568, 1914 

9 Riesman, D Diseases of the Adrenal Glands, in Christian, H A , and 
Mackenzie, J The Oxford Medicine, New York, Oxford University Press *1920 
vol 3, p 791 
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orders and vomiting, even in the absence of metastatic causes for such 
complaints Finally, there is a variety of symptoms which may result 
from metastatic growths in the kidneys, liver, brain, lungs, etc, and 
which obviously vary greatly in individual patients 

Experimentation on animals has resulted in the accumulation of a 
few facts concerning hyperfunction of the suprarenal cortex Thus, 
Stilling^® has shown that the adrenals are enlarged m male rabbits 
during bleeding Guieysse^^ found enlargement of the adrenal glands 
m piegnant guinea-pigs Schenk^- and Cecca^® found an increased 
amount of cortex m castrated rabbits — a condition that they took to be 
compensatory In studying the cause of retarded sexual development in 
certain persons, Karakascheft constantly found an atrophy of the 
suprarenal glands Berner described a hen which had spurs and a 
comb, never laid eggs and had the strutting gait of a cock, but which 
never crowed It was found to have a tumor of the right adrenal 
cortex with metastases to the peritoneum, lungs and ovary Fordyce and 
Evans stated that sexual changes of two types occur, depending on 
whether the tumor is in a male or a female If in the latter, all changes 
in the secondary sexual characteristics tend toward masculinization , 
whereas in the former, an intensification of male characteristics occurs, 
but with no increase of potency Lack of spermatogenesis in such cases 
has been noted by Foidyce and Evans, Adams,^'^ Guthrie and Emery 
and Tschernobrow 


10 Stilling, H Zur Anatomic der Nebennieren, Arch f mikr Anat 52 
176, 1898 

11 Guieysse, A La capsule surrenale du cobaye, J de I’anat et de la 
ph^slol 37 312, 1901 

12 Schenk, F Ueber die Veranderungen der Nebennieren nach Kastration, 
Beitr z klin Chir 67 316, 1910 

13 Cecca, M Glandes a secretion interne etudiees au point de vue chirurgical, 
Presse med 12 301, 1904 

14 Karakascheff, K I Beitrage zur pathologischen Anatomic der Neben- 
nieren Atrophie, vikanerende hypertrophic Tuberkulose, Beitr z path Anat u z 
allg Path 36 401, 1904 

15 Berner, O Suprarenal Virihsm, Norsk mag f l^gevidensk 84 849 (Oct) 
1923 

16 Fordyce, A D , and Evans, W H Suprarenal Virilism, Quart J Med 
22 557 (July) 1929 

17 Adams, Charles A Case of Precocious Development Associated with a 
Tumor of the Left Adrenal Body, Tr Path Soc London 56 208, 1905 

18 Guthrie, L , and Emery, W D’Este Precocious Obesity, Premature 
Sexual and Physical Development and Hirsuties in Relation to Hypernephroma 
and Other Morbid Conditions, Tr Clin Soc London 40 175, 1907 

19 Tschernobrow, E Ueber eine Geschw'ulst der Nebennieren bei einem 11 
jahrigen Knaben mit fruh-zeitigen Geschlechtsentwicklung, Thesis, Zurich, 1919 
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Various theories have been proposed to account for the secondary 
sexual manifestations accompanying suprarenal tumor 1 Bulloch 
and Sequeira/® Glynn and others expressed the opinion that tumor 
of the coitex results in accentuation of the normal physiologic function 
of that portion of the organ 2 Gallais ^ expressed the belief that the 
sexual changes result from a pluriglandular disturbance, with hyper- 
function of the cortex affecting the ovary m the female 3 Blanchard 
believed the cause to he exclusively in disturbances of the sexual glands 
4 Krabbe^^ believed that the tendency toward masculimzation occurs 
in both sexes because the tumor develops from sexual glands of the 
masculine type, which, early in the embryo, become involved in the supra- 
renal coitex 

PATHOLOGY OF TUMORS OF THE SUPRARENAL GLAND 

Ewing gave the following classification of tumors of the supra- 
renal gland 

Medullary 

(a) Focal hyperplasia of 

(1) Glial tissue or 

(2) Chromaffin cells 

(b) Neuroma ganglionare 

(c) Neurocytoma, “sarcoma” 

(cf) Suprarenal chromatophoroma 

Cortical 

(c) Hyperplasia, nodular or diffuse 

(b) Adenoma 

(c) Carcinoma 

Of the medullary types, the neurocytoma has attracted most attention, 
as it has been observed more frequently than the other types, and 
because of its probable identity with congenital sarcomas and lympho- 
sarcomas of the suprarenal gland as well as with retroperitoneal round 
cell sarcomas m infants and many embryonal growths of the cervical, 

20 Bulloch and Sequeira On the Relation of the Suprarenal Capsules to the 
Sexual Organs, Tr Path Soc London 66 189, 1905 

21 Glynn, E A Comparison Between Ovarian “Hypernephroma” and 
Luteoma and Suprarenal Hypernephroma, with Comments on Suprarenal Vinhsm, 
J Obst & Gynsec Brit Emp 28 23, 1921 , The Adrenal Cortex, Its Relation to 
Other Ductless Glands and Especially to Sex, Quart J Med 5 1S7 (Jan ) 1912 

22 Blanchard, R Le vinhsm et I’lnversion des caracteres sexuels sont sous 
la dependance des glandes genitales interstitielles, Bull Acad de med. Pans 76; 
47, 1916 

23 Krabbe, K N The Relation Between the Adrenal Cortex and Sexual 
Development, New York M J 114 4 (July 6) 1921 

24 Ewing, James Tumors of the Adrenal, m Neoplastic Diseases , A 
Treatise on Tumors, Philadelphia, W B Saunders Company, 1928, p 811 
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thoracic and peripheral nervous system The structure of these tumois 
^arles with the degree of development of the nerve elements Accord- 
ing to Ewing, “the most immature types are perfect rosettes, very 
numerous, but ill-defined fibrils giving an abundance of hyalin stroma, 
or man)f hyalin globules staining with eosin The hyalin globules resolve 
themselves into bundles of impel feet nerve fibiillae connecting groups of 
neurocytes Various othei structures may be interpreted as imperfect 
ganglion cells, axis cyhndei processes, and glial fibei s ” 

There are two well recognized clinical types of supraienal neu- 
rocytoma Hutchison described a suprarenal sarcoma in infants with 
cranial metastasis He repoited 13 cases occurring in children from 3 
months to 9 years of age The metastasis may appear spontaneously or 
following trauma, with ecchymosis of the eyelids, soon followed by 
exophthalmos and a tumor of the orbit and tempoial regions, with 
extensions to the regional lymph nodes The orbital tumoi may reach 
a large size, the primary abdominal focus being discovered only at 
autopsy Othei tumors besides those aiising in the suprarenal gland 
may, of course, pioduce the same syndrome 

The second type is that described by Pepper in which the promi- 
nence of hepatic metastases pioduces the striking clinical feature, with 
a rapidly enlarging abdominal tumoi caused by growths in the supra- 
renal gland and liver Frew has shown by anatomic studies of lym- 
phatic drainage why it is that tumors of the left suprarenal gland usually 
produce Hutchison’s type of picture, whereas tumors of the light supra- 
lenal gland follow the picture desciibed by Pepper 

Vaquez and others have noted high ai terial tension v ith tumoi s 
ot the suprarenal medulla, and epmephnne-hke substances have been 
extracted from medullary tumors 

TUMORS or THE CORTEX 

The simplest change in the cortex with neoplastic tendencies is 
h 3 peiplasia The hyperplasia may be nodular oi diffuse Both types 
are i datively lare In the nodular form light yellow masses are seen, 
vhich var 3 in size from 1 mm to 1 cm in diameter Diffuse hyper- 
plasia may pioduce a syndrome of feminine pseudoheimaphroditism 

25 Hutchison, R On Suprarenal Sarcoma in Children with Metastases in 
the Skull, Quart J ]\Ied 1 33, 1907-1908 

26 Pepper, \V A Stud} of Congenital Sarcoma of the Liver and Adrenal, 
vith Report of a Case, Am J IM Sc 121 287, 1901 

27 Prev, R S On Carcinoma Originating in the Suprarenal Medulla iii 
Children, Quart J Med 4 123 1910 

28 A^aquez, H Hypertension, Bull et mem Soc med d hop de Pans 21* 
120, 1904 
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In stiuctme, the areas of hyperplasia may resemble the normal zona 
glomerulosa or zona reticularis 

Adenoma of the supiaienal cortex is also infrequently encountered 
Ewing found only 3 instances in a series of 1,500 autopsies They may 
leach a laige size, and the cells composing the adenoma may closely 
lesemble those of the normal supiarenal cortex More often they are 
smallei , moi e gi anular and free f i om fat 

Carcinoma of the suprarenal cortex may occur at any age, though 
in a series of 9 collected cases Rolleston and Marks found the average 
age to be 44 years The tumors, gi ossly, are soft and yellowish, with a 
maiked tendency toward hemorrhage and necrosis They are solid, 
though central softening may lend them a pseudocystic structure Chai- 
acteristics are the eaily and widespiead metastases to distant oigaiis, 
local extension to the kidne3''S and perirenal tissue and the infrequency 
of metastases to the bone 

Ewing desciibed two forms of carcinoma of the suprarental cortex 

1 Adenocarcinoma, oi adenoma mahgnum, resembles the adenoma 
desciibed, with an ordeily ariangenient of cells reproducing the alveoli 
of the zona glomerulosa, or the anastomosing columns of the zona 
fasciculata There are m addition, however, typical areas of a malignant 
character, and the tumor metastasizes No diffuse growth of typical cells 
occuis The atypical cells are laige and the nuclei hyperchromatic 

2 Fully developed caicinoma piesents seveial peculiarities of struc- 
tuie There aie numerous areas of laige, granular, fatty cells m 
perivascular ariangement, lesembhng vascular adenocarcinoma The 
cells are, however, more active, atypical and malignant Giant cells 
aie seen m varying pioportions In some tumors almost the entiie 
growth seems composed of the giant cells A type described by Ewing 
as carcinosarcoma consists of areas of alveolar or perivascular car- 
cinomatous types of airangement, mterspeised with other areas m which 
are seen sheets of elongated, spindle-shaped, granular cells Diffuse 
carcinoma is the most malignant foim Here the cells lose their resem- 
blance to supiarenal paienchyma, and appear as rounded or polyhedral 
granular cells, notably free from fats and glycogen They infiltrate 
surrounding tissues and produce bulky metastases 

Incidence of Tnniois of the Supiarenal Cortex — Carcinoma of the 
suprarenal cortex is a lelatively infrequent form of tumor In 1897, 
Williams^® leported a single case in 8,378 tumors found in infants 

29 Rolleston, H D , and Marks, H W J Primary Malignant Disease of 
the Suprarenal Bodies, Am J M Sc 116 383, 1898 

30 Williams, R The Malignant Tumors of Infancy, Childhood, and Youth, 
Lancet 1 126, 1897 
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and children In 1899, Ramsay was able to collect 57 cases of primary 
malignant tumors of the suprarenal gland as a whole, including medul- 
lary tumors In the literature Gallais ^ found 51 cortical tumors with 
sexual alteiations, all occurring in women and children In analyzing 
47,069 cases at the University of California Hospital, Gibson found 
a total of 9 tumois of the suprarenal gland Of these, only 4 proved 
to be primary suprarenal tumors, 2 being cortical and 1 medullary 

In 1925, Apert ^ was able to collect only 35 cases of cortical supra- 
renal tumor in which necropsy had been performed In 1905, Bulloch 
and Sequeira collected 12 cases of tumor of the suprarenal gland 
with sexual alterations In 1928, Crosbie and Smith described what 
they believed to be the nineteenth case of cortical suprarenal tumor, with 
typical changes in secondary sexual characteristics Recently (1929), 
Fordyce and Evans contributed 2 more cases of suprarenal virilism, 
one resulting from a carcinoma of the suprarenal cortex, the other from 
an operable, encapsulated tumor of the suprarenal cortex 

Though we made no attempt to collect every case that has been 
reported, we feel that the incidence of supiarenal tumors is sufficiently 
infrequent to justify the report of our case 

The Relahon of Cortical Supiarenal Tumors to Renal Hypei- 
nephromas — A review of the subject of suprarenal tumors would be 
incomplete without some mention of the present status of the relation- 
ship between suprarenal tumors and so-called renal hypernephromas 

The well known Grawitzian theory,^^ propounded in 1883, ascribes 
the occurrence of hypernephromas of the kidney to rests from the 
suprarenal cortex This theory is supported by the embryonal prox- 
imity of the suprarenal cortex to the renal anlage and by the gross 
lesemblance of hypernephromas to suprarenal carcinomas Present 
opinion, however, is not m accord with Grawitz’ theory Glynn 
excellently pointed out differences in the microscopic structure of the 
two tumors, and called attention to the fact that there is no associa- 
tion of lenal hypernephroma with changes in sexual characteristics A 
possible exception to this statement is found in the case reported by 
Richards,^'" m which, however, the growth in the kidney was bilateral 

31 Ramsay, O A Study of Fifty-Seven Cases of Primary Malignant Tumors 
of the Suprarenal Glands, Bull Johns Hopkins Hosp 10 20, 1899 

32 Gibson, T E Diagnosis of Adrenal Tumors, with Classification of 
Adrenal Tumor Syndromes, and Report of Cases, J Urol 18 33 (July) 1927 

33 Crosbie, A H , and Smith, L W Primary Tumors of Suprarenal Cap- 
sule vith Especial Reference to Adrenal Vinlism, Tr Am A Genito-Unn Sur- 
geons 20 179, 1927 

34 Grawitz, P Ueber Entwicklung der Nierentumoren, Deutsche med 
Wchnschr 10 719, 1884 

o5 Richards, Owen Growths of the Kidney and Adrenals, Guy’s Hosp Rep 
59 217, 1904 
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and might well have been metastatic from an umecognized primary- 
focus in the suprarenal gland Supporters of the Grawitzian hypo- 
thesis have yet to explain why suprarenal rests, though comparatively 
uncommon m the kidney, pioduce such a common tumoi as hyper- 
nephroma — by far the commonest renal tumor — while suprarenal rests 
m other organs, though common, larely pioduce tumors, benign or 
malignant In 1,500 autopsies reviewed by Glynn, only 2 cases of nodules 
resembling suprarenal rests weie found m the kidneys, both of these 
being papillary cystadenomas Kelly®® and Manasse®’’ in their large 
series of autopsies did not give a single example of renal suprarenal 
rests 

As opposed to the mfrequence of supraienal rests in the kidney, 
the following data are illustrative of the comparative frequency of 
supiarenal rests in other organs Wiesel ®® found suprarenal rests in 
the epididymis m 76 per cent of new-born males Schmorl ®® found 
suprarenal rests m 4 of 510 livers examined at autopsy Aicliel found 
rests in the broad ligaments and spermatic veins of twenty-four females 
In these rests hyperplasia and adenoma is an extremely rare occur- 
rence, and in 5 cases of Grawitzian tumors of the ovary reported by 
Vouviller,^^ none exhibited unusual sexual changes, all resembling renal 
hypernephromas rather than suprarenal carcinomas 

This evidence, though not conclusive, points strongly to the fact that 
renal hypernephroma bears no more than an accidental structural rela- 
tionship to suprarenal carcinoma 

PROGNOSIS AND TREATMENT 

The prognosis of tumors of the suprarenal depends, as does that of 
neoplasms elsewhere m the body, on the character of the growth, the 
degree to which it has infiltrated adjacent structures and the extensive- 
ness and accessibility of its metastases Gibson ®® pointed to pyelo- 
graphy as a method of recognition of suprarenal tumor or confirmation 

36 Kelly, A Ueber Hypernephrome der Niere, Beitr z path Anat u z 
allg Path 23 280, 1898 

37 Manasse, Paul Ueber die hyperplastischen Tumoren der Nebenmeren, 
Virchows Arch f path Anat 133 311, 1893 

38 Wiesel, Josef Accessorische Nebenmeren im Bereiche des Nebenbodens, 
Wien klin Wchnschr 11 443, 1898 

39 Schmorl, Georg Zur Kenntnis der accessorischen Nebenmeren, Beitr z 
path Anat u z allg Path 9 523, 1891 

40 Aichel, Otto Zur Kenntnis der Nebenmeren, Munchen med Wchnschr 
47 1228, 1900 

41 Vouviller, Paul Grawitz’sche Nebenmeren Geschwulst des O-variums, 
Beitr z path Anat u z allg Path 50 161, 1911 
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of its diagnosis He called attention to the fact that the uppei cahces 
are compressed and the entire kidney pushed downward 

In at least 3 cases, successful removal of the tumor has been effected, 
with complete reversion of sexual characteristics to normal Mauclaire,^^ 
Collett and Holmes ® reported cases in which operation had been suc- 
cessful Holmes’ patient was a young woman, with a large, slowly 
growing neoplasm of the right suprarenal cortex which Glynn, who 
examined it, believed to be benign Collett’s case was that of a girl 1^ 
years of age, and is probably the only one on record of the removal of an 
unquestionably malignant tumor of the supraienal cortex with complete 
recovery Crosbie and Smith recently reported a case in a woman, 
38 years of age, in whom a cortical supraienal adenoma with cystic 
degeneration and hemoirhage was removed, with apparent reversion of 
the secondary sexual changes, consisting of enlargement of the clitoris 
and lursutism 

55 East Washington Street 

42 Mauclaire, P Tumeur de la conche corticale de la capsule suirenale 
droite observee chez une femme et ayant provoque I’habitus mascuhn, Bull et 
mem Soc de chir de Pans 46 796, 1920 

43 Collett, Arthur Genito-Suprarenal Syndrome (Suprarenal Vinhsm) m a 
Girl One and a Half Years Old, with Successful Operation, Am J Dis Child 
27 204 (March) 1924 



TUMORS OF THE HEART AND PERICARDIUM 

PATHOLOGY, SYMPTOMATOLOGY AND REPORT OP NINE CASES ^ 
WALLACE M YATER, MD 

WASHINGTON, D C 

Tumois of the heart and pericardium, both piimary and secondaiy, 
are lare Most of them aie asymptomatic and are, therefore, of interest 
only to the pathologist Some, however, are the cause of cardiac dys- 
function or even failure, and are thus of some concern to the clinician 
Only once has a primary tumor of the heart been diagnosed during life 
and only a few times, a metastatic lesion A review of the clinical 
history of some of the cases on record shows that occasionally a neo- 
plasm might have been suspected had the clinician borne this possibility 
m mind Theie is something intensely satisfying in diagnosing coriectly 
a lare lesion, and it is hoped that this article will impress its readers 
so that they will be on the alert to recognize the condition should it 
happen to come under their observation I shall attempt a compre- 
hensive but not complete review of the subject and shall add several 
cases to the hteiature 

SECONDARY TUMORS OF THE HEART 

Secondary tumois of the heait are perhaps somewhat less rare than 
the primary neoplasms Theie aie four interesting questions that might 
be asked that apply to metastatic growths in the heart, two of which 
(1 and 4) are applicable also to certain types of piimary giowths 
1 Why are neoplasms so uncommon m the heart ^ 2 Why do metastatic 
lesions have such a predilection foi the right side of the hearth 3 Why 
are the valves practically never involved in secondary growths ^ 4 Why 
do such massive growths occur with extensive destruction and replace- 
ment of myocardium or with mechanical embarrassment, and yet pro- 
duce in many instances so little disturbance of cardiac function^ 

As regards the first question, the heart is probably unfavorable for 
implantation because of its active contraction (Jagers) Adami said 

The heart above all organs is constantly m a state of great efficiency, well 
nourished, well innervated and functionally always active, so that it is less likely 
to take on aberrant growth 

Karreiistem gave the incidence of cardiac metastases as 7 5 per cent 
m cases of disseminated growths He cited the following statistics 

Submitted for publication, Jan 12, 1931 

' From the Georgetown University School of Medicine 
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In 2,161 autopsies, Chambers found 7 secondary carcinomas of the 
heart, from 4,547 autopsies, Wilhgk reported 9 secondary carcinomas 
of the heart, 7 of which were in the pericardium, m 4,500 autopsies, 
Uskoff found 1 secondary carcinoma of the heart, m about 8,500 
autopsies, Napp saw 3 secondary carcinomas of the heart, at the Roth 
Institute of the University of Berlin (Karrenstem), among 6,655 
autopsies there were 15 carcinomas (8 of which were pericardial) and 
4 secondary sarcomas of the pericaidium Peters and Milne gave more 
statistics Blumensohn reported that of 1,078 Cases of disseminated 
carcinoma, the heart was involved in 34, and of 160 cases of sarcoma, 
in 12, Pic and Bret found 25 metastatic carcinomas of the heart in 
1,708 autopsies, Thorel found 15 in 3,000 autopsies, and Ely 7 in 
2,161 autopsies At the Russell Sage Institute of New York there 
were 3 cancers of the heart in 1,976 autopsies, at the Johns Hopkins 
Hospital up to the year of 1907, there were 10 tumors of the heart 
in 2,942 autopsies, all secondary except a rhabdomyoma At the Stan- 
ford Medical School, Morris reported 2 carcinomas and 3 sarcomas 
in 3,000 autopsies 

Metastases to the heart have occurred from neoplasms of all of the 
main organs 

Cancer of the trachea (Lmell) 

Cancer of the tongue (Lisa) (Geipel) 

Cancer of the stomach (Peters and Milne) (Widal and Abrami) (Geipel) 
(Moore) 

Sarcoma of the kidney (Moore) (Rabe and Morel) 

Cancer of the submaxillary gland (Wagner) 

Rodent ulcer of the face (Pic and Bret) 

Cancer of the esophagus (Moore) (Geipel, six cases) 

Cancer of the rectum (Peters and Milne) (Thorel) 

Lymphosarcoma (Peters and Milne) (Aubertin) (Morns) (Windholz) (Napp) 
Cancer of the pancreas (Barthelemy) 

Cancer of the breast (Hektoen) (Kapsmow) (Goldstein) (Ehrenberg) 
(Geipel) 

Sarcoma of bone (Hektoen) (Goldstein) (Allyn and Karsner) (Morns) 
(Laplace and Karsner) (Tedeschi) (Bardenheuer) (Willius and Amberg) 
Sarcoma of the eye (Goldstein) 

Pigmented soft mole of labium majus (Goldstein) 

Cancer of the uterus (Geipel, two cases) (Rist and Rolland) (Thorel, two 
cases) 

Cancer of the lung (Caussade, Surmont and Lacapere) (Bosco) (Morris) 
(Windholz) 

Cancer of the testis (Kanthack) 

Hypernephroma (Patzdorf) (Pola-ves and Taft) 

Sarcoma of the skin (Allyn and Karsner) 

Sarcoma of the pleura (Pommay-Michaux and Boue) 

Sarcoma of the nose (Warthin) 

Cancer of the bronchus (Geipel) (Morns) (Fishberg, two cases) 
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Cancer of the clitoris (Arnold) 

Sarcoma of the uterus (Thorel) 

Cancer of the gallbladder (Thorel) 

Cancer of the kidney (Thorel) 

Cancer of the vulva (Geipel) 

Cancer of the ovary (Geipel) 

Cancer of the liver (Geipel) 

Epidermoid carcinoma of the scalp (Cainpagna, Maurice and Hauser) 
Metastases to the heart from a primary tumor of the heart itself, usually sar- 
coma, also occur 

There are three types of secondary invasion of the heart Secondary 
invasion occurs most commonly as part of general dissemination, next 
111 order of frequency, as a more or less solitary metastasis from a 
nearby organ and least often by direct extension from an adjacent organ 
In the majority of cases m which metastasis has occurred, the trans- 
mission has been considered as having been made through the blood 
Tumor cells have been found m circulating blood, in thrombi (Peters 
and Milne, and Menetrier), as vegetations on the endocardium and as 
strands of cells loose m the coronary vessels (Moore) , huge masses of 
tumor tissue have been found filling the venae cavae and the right side 
of the heart, as m the case of Carnot and Lambhng of sarcoma of the 
stomach and as in case 4 of this report of hypernephroma Many cases 
are associated with primary or secondary intrathoracic neoplasms, from 
which the tumor cells may gam access to the left side of the heart 
through the pulmonary veins and thence to the coronary arteries and the 
cardiac muscle In the less common cases of implantations on the 
endocardium of the right side of the heart, the tumor cells probably 
gam entrance to the blood stream from the lymphatic duct, and pass 
to the superior vena cava via the bronchial and azygos veins (Hektoen) 
From these grafts it may even be possible that emboli pass into the 
lungs and cause metastatic lesions there (cases of Delherm and Laignel- 
Lavastine, Rist and Rolland, and Warthm) 

Probably a smaller number of metastases occur through the 
lymphatics This would come about by retrograde conduction through 
the tracheobronchial lymph nodes, which dram the myocardium and 
pericardium as well as the pleura and lungs (cases of Aubertm and of 
Wolf and Giet) 

In case of direct extension, the lymphatic canals may or may not 
play an important role Strands of tumor cells invade the interstices 
of the surrounding tissues and by their mass destroy by pressure, or 
they follow fascial planes in the lines of least resistance This mecha- 
nism is, of course, possible with primary tumors of the lung, bronchi, 
esophagus or mediastinum or from secondary involvement of mtra- 
thoracic lymph nodes Two of Geipel’s cases demonstrate different 
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modes of direct extension In one, a carcinoma of the bronchi bioke 
through into the upper left pulmonar) vein and extended into the left 
auricle, while in the other a carcinoma of the esophagus forced itself 
through the wall of the left auiicle In one of Napp’s cases, a medullar\ 
sarcoma of the posterior mediastinum grew into the muscle of the heart 
through the right auricle , m another, the left auricle was invaded, while 
in a third, not only was the light auricle invaded from above but 
metastatic nodules were found m the wall of the right ventricle In a 
case repoited by Morison a mediastinal saicoma almost completely 
replaced the walls of both auricles and of the right ventiicle and the apex 
of the left ventricle 

As to the types of secondary lesions and their size, shape and 
distribution there is the greatest vaiiation Carcinomatous metastases 
are moie common than sarcomatous The lesions are frequentl)'^ similar 
to those found m other organs, viz , small, whitish, firm nodules, 
discretely or diffusely scattered throughout the myocardium In other 
cases, more often of sarcoma, there may be a diffuse infiltration and 
replacement of the myocardium, sometimes with great thickening of the 
walls and encioachment on the cavity (case of Wmdholz) The nodules 
may be of large size and project internally, externally or both The 
heart may or may not be enlaiged and deformed, depending on the 
extent and nature of the involvement The ^alves aie rarel}'- involved, 
although in the cases of Widal and Abrami, Rist and Rolland, and 
Kanthack large vegetations occurred from tumor cells engrafted on the 
\ahes, and the condition resembled vegetative endocarditis Occa- 
sionally a large polypoid growffh encroaches on the chamber of the heart 
t Pommay-IMichauz and Boue) , this may be pedunculated In Wai thin’s 
case a metastatic nodule lay free in the caidiac cavity and acted as a 
ball ^alve The secondary growth may rarely outstrip the primary 
growth The pericardium may be involved by an infiltration, with 
thickening , often in such cases there is a fibrinous exudate on the two 
laj^ers and a hemorrhagic or nonhemorrhagic effusion In rare cases 
the superficial lymph vessels of the heart and pericaidium are involved 
m a carcinomatous lymphangitis and stand out as wdiitish thieads 
(Aubeitin) The histologic structure of the primary tumor is usually 
leproduced With the sarcomas there is often an infiltration of cells 
between the muscle fibeis of the m}'^ocardium, causing atrophy of the 
fibers Leukemic infiltrations may produce, besides diffuse infiltrations, 
definite nodules resembling tumor metastases (Cochineal and Jolly) 
(^^hIhus and Amberg) Similarly, animal paiasites such as Cysticercus, 
mac cause tumor-hke nodules in the heart, echinococcus cysts and 
h3'^datids (Monckebeig) 
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The location of the lesions may be anywheie, but the right side of the 
heait, especially the ventiicle, seems to be favored The lesions are 
intramural, subendocaidial, subepicardial, septal, auricular, ventricular, 
etc The orifices aie seldom encroached on to a serious extent Involve- 
ment of the conduction system may produce heait block 

Why the right side of the heart should be more commonly or more 
extensively involved than the left is rather well explained, as Wmdholz 
pointed out, by the work of Kretz Since studies of the lymphatic 
S 3 ^stem do not seem to explain the predilection, Kretz, using the method 
of Crainicianu, injected a solution through the coronary arteries con- 
stantly for five minutes at a pressure of 130 mg of meicury and 
measured the fluid escaping from the coronary veins and the cavities of 
the heait He found that one fifth of the fluid escaped through the 
coionary veins while four fifths rvas lost into the chambers, of the 
fluid 111 the chambers, one fourth was lost in the left and three fourths 
in the right side of the heart Of the fluid passing out through the 
coronary veins, one fifth went from the left and four fifths from the 
light Kietz explained that the fluid passing directly into the cavities 
of the heart passed from the coronary arteries to the venae minimae 
thebesn, and by injecting a coloied medium he demonstrated this route 
Thus the reason for the prefeience of tumor cells for the right side of 
the heart may be explained on a blood-vascular basis The freedom 
of the valves from involvement, except rarely by implantation, is 
explicable likewise on a circulatory basis, the valves being relatively 
avascular 

Concerning the possible reasons for the frequent lack of seiious 
cardiac dysfunction in the presence of extensive neoplastic involvement 
of the heart, both from primary and secondary growths, Geipel assumed 
that the slow development of the growth may give time for compensa- 
tory changes, while Bardenheuer expressed the opinion that it is due 
mainly to freedom of the A^alves from invasion These reasons hardly 
seem sufficient when one consideis the following cases, in which cardiac 
symptoms were either lacking or of minor nature or practically terminal 
in occurrence Grawitz’ case of thymic lymphosarcoma spread into the 
superior vena cava and formed an envelope about the left auricle from 
1 to 2 cm thick, while the entire right ventricle was practically 
sarcomatous In Morison’s case of mediastinal sarcoma there was 
practically no ventricular myocardium left Metastases from a gastric 
carcinoma so completely involved the heart (Napp) that only a part of 
the myocardium at the apex was left, and the chamber of the left 
ventiicle was merely a cleft In Ehrenberg’s case a metastatic tumor 
the size of a fist enveloped the heait, and the left ventricle appeared 
as a small appendage thereto Wmdholz recorded a mediastinal sarcoma 
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SO involving the heart secondarily that only the anterior surface of 
the left ventricle was free 

The S)’Tnptoniatology from a clinical point of view will be considered 
under a separate heading 


PRIMARY TUMORS OF THE HEART 


Primary tumors of the heart are more interesting than secondary, 
and have been the source of much discussion More than 150 cases 
have been reported m the literature There are a number of kinds of 
primary tumors that occur in the heart myxoma, sarcoma, rhabdo- 
myoma fibroma, lipoma, endothelioma, varix, hemangioma, lymphangio- 
endothelioma and leiomyoma Most of the tumors described have 
been benign, about 20 per cent being malignant Of 143 cases of 
primary neoplasms of the heart collected by Mendelstamm (1923), 
117 were benign and 26 malignant The benign tumors were mainly 
myxomas, the malignant, almost entirely sarcomas Mendelstamm 
gave their distribution as follows 
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Of the valvular tumors, the locations were as follows 
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For sex distribution, Mendelstamm gave 
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MYXOMA 

Myxoma is the most debated type of tumor in the heart Ribbert 
was inclined to think that most of the tumors described as myxoma or 
a variety of m 3 ^xoma are true neoplasms, while others, like Thorel, 
Stahr, Karrenstein and Husten, expressed the belief that these tumors 
are thrombi swollen by imbibition of plasma and in various stages of 
organization The latter contended that myxomatous changes may 
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occur in these edematous thrombi Thus, of 71 cases descnbed in the 
literature as endocardial myxomas, Husten, in 1923, after critical 
analysis, accepted only 9 as true m)’^xomas One could accept by the 
same standard 5 other cases reviewed by Mendelstamm (Wigand, 
Meyer, Hlava, Nowicki [2]), making thus only 14 myxomas Husten 
admitted that the differentiation was difficult Ribbert, on the other 
hand, claimed that there is no difficulty in the distinction It appears 
that most men continue to call these questionable formations myxomas 
Altogether about 75 cases of myxoma arising from the mural endo- 
cardium have been described 

Myxomas range m size upwaid from that of a pea, often becom- 
ing as large as a hen’s egg or a medium sized apple They may be 
smooth and rounded, lumpy or polypoid and villose The surface is 
smooth and glistening, as a rule, and the appearance gelatinous They 
are usually pale 5fellow, bluish gray or yellowish brown, often with 
hemorrhagic areas on the surface, and sometimes partly covered with 
fibrin, the consistency is more or less elastic On cut section they are 
gelatinous and often hemorrhagic They are usually attached by a 
short stalk, and are entirely intracavitary Microscopically, the tumor 
is seen to be covered with the normal endothelium of the endocardium 
The groundwork is an amorphous, finely granular or finely fibrillar 
material which may or may not stain as mucin Cells of different 
varieties are seen, varying m number m different cases and in different 
parts of the same tumor, often they are relatively few compared to 
the amount of tumor tissue In many there are large stellate cells 
typical of mucoid tissue In some there are also cells that are large 
and multinucleated, others that are fusiform, inflammatory elements, 
such as lymphocytes and plasma cells, are often seen Blood vessels 
are usually present, numerous m some cases, but often scanty, usually 
of a delicate structure, and appearing as mere capillaries with endothelial 
walls Small hemorrhages and scattered erythrocytes are commonly 
present, together with pigments consisting of hemosiderin and hema- 
toidm Connective tissue fibers and often elastic fibers are found 
Some of the tumors grossly resemble primary sarcomas of the heart, 
and really differ essentially only in the predominating type of cell and 
in their greater cellularity 

Myxomas arise from the endocardium, usually of the chambers and 
more often of the left auricle m the region of the fossa ovahs, but 
sometimes from the valves Most of the small nodules arising from 
the valves, however, are either greatly modified myxomas or fibromas, 
endotheliomas, and other tumors 

It seems to me that the argument concermng the nature of these 
myxomatous masses is all in favor of their neoplastic origin Ribbert 
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has been the champion of this view He maintained that the masses 
are usually too laige to be organized thrombi Everywhere else in the 
body thrombi have a tendency to retract and become almost completely 
effaced It is difficult to conceive of thrombi forming in otherwise 
normal hearts not showing the slightest evidence of a previous endo- 
carditis or trauma, as man}'’ of the tumors do These tumors occur 
almost exclusively in the auricles, whereas thrombi occur just as fre- 
quently if not more so m the ventricles There appears to be an entire 
absence of stages intermediate between definite thrombi or endocardial 
vegetations and these mj^xomatous masses Ribbeit contended that rests 
of embrj^onic mucoid tissue m the heart undoubtedly persist at times, 
especially in the iim of the foramen ovale Such tumors as these differ 
from embryonic tissue m that there is a relative increase of mucin 
Ribbert explained the fact that the valvular tumors often approach the 
fibroma because the mucoid tissue originally forming it has become 
fully foimed fibrous tissue, which is the ultimate developmental intention 
of mucoid tissues There seems to have been considerable contention 
concerning the point as to the exclusiveness of mucin in myxomas 
Ribbert and Leonhardt maintained that true mucin occurs only m 
genuine blastomas Djewitzky, Koniger and Honeggei, however, found 
mucin in undoubted thrombi or thickenings of the endocardium Too 
much stress is apparently placed on the presence or absence of mucin 
Piolonged fixation m formaldehyde may prevent the staining reaction, 
or the stains may be untrustworthy Nowicki considered his case 2 
true myxoma, although the mucin reaction to thionin was not obtainable, 
and star cells were not present Stahr maintained that myxomas are 
distinguished from organized thrombi by their poA^erty of cells The 
presence of star cells certainly points toward myxoma, and in true 
mjxomas round and spindle-shaped cells aie also obseived The pies- 
ence of hemorrhages is easily explained by the delicate structure of the 
vessels and the mechanical conditions to which the tumor is subjected 
Lymphocytes and plasma cells always occur in such i egions All tumors 
may contain hemosiderin In organized thrombi, hemosiderin is found 
at the peripher}'^ and hematoidm in the center, whereas m these tumors 
hemosiderin is found scattered throughout In thrombi, one expects 
the organization to occur from the periphery and the connective tissue on 
top of this, but Meioz found a neoformation of capillary vessels m a 
mjxoma m the midst of the fundamental substance in fully organized 
tissue One expects sti atification in an organized thrombus, but no 
CAudence of stratification is present in these tumors The presence of 
elastic fibers is Avithout meaning since they are also present in thrombi , 
but in these tumors they are more or less peripheral and probably 
deriAed from the subendocardium The presence of elastic tissue has 
lead some obserA'^ers to giA'^e a modified name to the tumor, as Kerrenstein 
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with his elastomyxoma and Askanazy with his fibio-elastoniyxoma 
Sometimes the vessels in the tumor show a gi eater development than is 
usual 111 thiombi Likewise against thrombi is the fact that the vessels 
and cells of the outer and inner parts are similar Owing to the vascu- 
larity and piesence of fibrous tissue, Fabris and Csenies designated their 
cases as fibi o-angiomyxoma Brenner called his an hemangio-elasto- 
myxoma The lobulated, villose or acinifoim stiucture of many of the 
tumors speaks more for the true tumor, but Nowicki did not think that 
the smooth surface of his two laige m 3 ^xomas was against then neo- 
plastic origin Finally, as Bohrod pointed out, m spite of the laiity 
of all tumors of the heait, primaiy sarcomas oiigmatmg m the endo- 
cardium do occur, and wherever there are malignant mesenchymal 
tumors, benign tumois ma)'- also occur 

Many of these myxomas are unusually interesting because of their 
size, situation and pedunculated nature which allows them to plug up 
an oiifice of the heart, usually the mitral The clinical features will be 
consideied later 

FIBROMA 

Fibioma is considered next because it is an endocardial tumor and 
IS assumed to be of a similar nature to myxoma The fibromas arise 
fioni the subendothehum of the valves They aie usually single, nevei 
larger than a cheriy, are papillary and pedunculated About 25 cases 
of this type have been reported, all were similar Nine were located 
on the tricuspid valve, 6 on the aortic, 5 on the mitral and 5 on the 
pulmonary In only 4 cases was theie evidence of chronic endocaiditis 
The cases group themselves into those without and those with an 
oiganized system of blood vessels A few of them closely resemble 
the mural myxomas previously described , othei s are similar to the cases 
reported hereafter by me, avascular, hyaline and sparsely cellular , 
while others aie atypical and difficult to classify, such as the endo- 
thelioma of the mitral valve of Forel and the hemangiofibroma of the 
pulmonaiy valve of Bohrod Whethei both of these should be grouped 
here under fibioma is questionable, but they seem to be of the same 
general natuie as the othei s m this gioup At least they are all benign 
tumors of the caidiac valves 

The mam conceptions of the nature of these tumors are that they 
aie all leally myxomas, that they are organized thrombi, that they are 
similai to Lambl’s excrescences and that they are connective tissue 
tumois undergoing vaiious degenerations Many of the same objections 
given m the discussion on the myxoma against the thrombus theory of 
origin apply again, the important ones here being the highly developed 
papillar} nature of the growth, the homogeneous structure and the 
absence of pigment or other signs found in organizing thrombi A few 
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words legarding the theor}^ first of Koechhn and later of Thorel, that 
they are similar to Lambl’s excrescences might be appropriate These 
threadlike processes arising usually on the nodulus arantii or annulus 
of the aortic valve and rarely from other valves were first described by 
Lambl m 1856 They are quite common, occurring in about 20 per 
cent of hearts They are composed of lamellated hyaline connective 
tissue with a well defined axis C3dinder and are covered by endothelium', 
they are practically without nuclei but have numerous elastic fibers 
It seems strange, however, that intermediate forms do not occur and 
that while the excrescences are common the papillomas are rare, like- 
wise, practically all of Lambl’s excrescences are situated, as Dean and 
Falconer pointed out, on the aortic valve, while only 8 of 27 fibromas 
(including the cases reported here) were on this valve When one 
considers the highly papillary structure, the smooth, shining surface and 
the fact that the growth occurs usually on a normal valve, the idea of 
a connective tissue tumor seems logical If Ribbert’s assumption is 
correct, that mucoid tissue ends developmentally as connective tissue, 
then one may consider these growths also as myxomas, which some of 
them closely resemble 

Intramural fibromas, fibroids or chancroids, have been described 
in earlier years, but it is somewhat questionable if the 2 main cases, 
those of Luschka and of Albers, were actually of this nature Moncke- 
berg mentioned a case of fibroma of the ventricular septum described 
by Wagstaffe These tumors do not produce clinical symptoms or func- 
tional disturbance, all being innocent postmortem discoveries 

SARCOMA 

Perlstem, reviewing this type of primary cardiac tumor m 1918 and 
adding a case of primary sarcoma of the pericardium, found only 31 
(including his) recorded cases of primary sarcoma of the pericardium 
or heart Since then, at least 15 more have been recorded (Gottel, 
Goldstein, Godel [2], Rose, Mandelstamm, Pinault, Williams, Kohlen- 
bergei. Beck and Thatcher, Nowicki, Matras, Muller, Hill, Diebold) ^ 
Of 45 of these 46 tumors, 15 were spindle cell sarcoma, 14 round cell 
(small or medium size), 4 giant cell, 3 myxosarcoma, 3 fibrosarcoma, 4 
mixed cell, 1 angiosarcoma and 1 lymphosarcoma The apparent seat of 
the original tumor in these cases was 


Right auricle 18 

Left auricle 9 

Pericardium (2 from subepicardial tissues) 10 

Right 1 entricle 2 

Right and left auricles 1 

Left ventricle and auricle 1 

Ventricular septum 1 

Aortic \alve 1 

Pulmonar> valve 1 

Left ventricle and both auricles 1 

Diffuse 1 


1 Not including the “rhabdomyosarcoma” of Bradley and Maxwell 
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Thus It IS seen that the majority of sarcomas of the heait anse 
from the auricles (preferably the right, and often the interauricular 
septum) and the pericardium It is interesting to recall that most of 
the myxomas arise from the auricles, preferably the left, and often the 
mterauiicular septum Grossly, some of them resemble certain of 
the sarcomas Why the malignant growths should preferably arise m the 
light auricle and the benign m the left is impossible to answei. 
Metastases occurred m 21 cases as follows 


Lung S 

Liver 2 

Pancreas 2 

Suprarenals 2 

Mediastinal lymph nodes 2 

Mediastinal lymph nodes and pleura 1 

Tracheal lymph nodes and suprarenals 1 

Lung and pararenal tissue 1 

Lungs, pleura and brain 1 

Lungs and pancreas 1 

Kidneys 1 

Tracheobronchial and mediastinal lymph nodes, panereas and kidneys 1 

Pleura, subcutaneous tissue and peritoneum 1 


In 16 cases there was hydrothorax, the fluid being bloody m 6. 
Pericardial effusion was found m 15 cases, m 10 of which it was bloody. 
In 7 instances the pericardium was partly or entirely obliterated 
The size of the tumors varies from that of a walnut to that of a 
child’s head The growth may be intracavitary, intramural, pericardial 
or mixed Anatomically, one may also roughly classify the sai comas 
into two other groups, those more or less sharply circumscribed and 
those without sharp limits and rather diffusely involving the heart, some- 
times growing over the corona of the heart or invading extensively the 
mediastinum Most of the intracavitary tumors fill the auricle m which 
they have originated In Baldwin’s case a pedunculated tumor, 5 by 
6 by 7 cm , lay m the left auricle, being attached by a peduncle to the 
region of the mouths of the pulmonary veins In Binder’s case a 
pedunculated tumor the size of a walnut hung down from the right 
auricle into the mouth of the vena cava, nearly filling the right auricle 
Bodenheimer’s sarcoma consisted of about twenty nodules on the 
anterior surface of both auricles, growing into the cavity of the right 
auricle In the case of Broadbent, the pericardium was from 0 5 to 
1 5 cm thick In Schoppler’s case, the entire pericardium was involved. 
Crescenti described a sarcoma located mtramurally m the ventricular 
septum m a patient, aged 3 years, who died of scarlet fever In some 
cases, as Lambert’s, the pericardium was the origin of a growth which 
extensively infiltrated the myocardium In Fuhrman’s first case, the 
tumor resembled a bunch of grapes growing on the aortic valve and 
obliterating the mouth of the right coronary artery, while the left 
coronary artery was occluded by a plug of tumor tissue (the patient 
died suddenly without previous symptoms) In Mandelstamm’s inter- 
esting case, two of the pulmonary valves were involved in two tumor 
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masses, one the size of a walnut, which almost completely obstructed the 
mouth of the pulmonary artery, there weie laige metastatic nodules in 
Doth lungs The tumor m Perlstein’s case originated from the sub- 
epicardial connective tissue and foimed a large intrapencaidial cystic 
tumor on the right, posterior and diaphragmatic surfaces of the heart, 
measuimg 13 by 8 by 5 cm Redtenbacher’s angiosarcoma of the peri- 
cardium contained a cavit}’ communicating with the right ventricle 
The fibrosarcoma desciibed by Raw had extended continuously from the 
light auiicle through the inferior vena cava to the under surface of the 
Iner Weiss recorded a tumor the size of a child’s head, involving 
mainly the right auricle, which had broken through the intei auricular 
septum, infiltrated extensively the myocardium and almost completely 
enveloped the heart The case of Beck and Thatcher was similar, 
there rvere extensive metastases in the pleura, peritoneum and sub- 
cutaneous tissue from a sarcomatous thrombus in the left auricle The 
case of Williams is unusual in that only the parietal pericardium was 
involved From these examples, it is seen that the sarcomas arising in 
the heart or pericardium are extremely variable in their characteristics 
and not infrequently malignant 

Sarcomas of the heait may occur at any age, having been found 
anywheie from the age of 3 to 79 years, most of them coming between 
18 and 58 years They predominate in males, in the proportion of 
twenty-five to sixteen The apparent duiation of the tumor is from 
one month to three and one-half years 

Here again, as in secondary tumors, it is difficult sometimes to con- 
cene how the neoplasm can become so extensive and the heait continue 
to function In the case of Matras, for instance, one is amazed at the 
great anatomic involvement of the heait and the bievity of the clinical 
couise and meagerness of the cardiac signs 

The clinical features will be discussed separately 

RHABDOMYOMA 

Of all of the primary tumors of the heart the rhabdomyoma is per- 
haps the most interesting From the time von Recklinghausen described 
the first case, in 18^3, until Seiflfert, in 1900, carefully studied these 
tumors, there had been much discussion regarding the situation of the 
large vacuoles seen in the tumor To the satisfaction of all, Seifiert 
showed that these vacuoles were within the cell bodies of large embryonic 
fibers of the cardiac muscle whose sarcoplasmic body had continued to 
grov without, however, any additional differentiation into the adult type 
of cell Normally, these embryonic myocardial fibers develop fibrils at 
the expense of the vacuoles, so that the fully mature muscle fiber is a 
solid, compactly fibnllar, cross-striated structure By means of Best’s 
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carmine Abnschoff demonstrated glycogen granules m the vacuoles of 
these emhryonic muscle fibers The “spider cells” of earlier writers, 
originally thought to be connective tissue cells, were shown to be the 
nuclei of these embryonic muscle fibers suspended in the vacuoles by 
a network of fibrils from the sarcoplasmic portion of the cell body 

Another thought which had to be exploded was that these large 
cells, which m many respects resemble Purkinje fibers, weie in fact 
derived from these cells By showing the absence of any anatomic 
connection with the elements of the conduction system,- Bundschuh, 
Amersbach and Handoin and others demonstrated conclusively that this 
theory was wrong Bundschuh considered that these tumois had 
already oiigmated m the common mother tissue of the two muscle 
systems of the heart befoie their difterentiation had occuried, this con- 
ception IS strengthened b}^ the relatively frequently observed fact that 
the ihabdomyoma fibers may show a tiansition into the myocardial 
fibers at the edges of the tumoi 

Much discussion has aiisen likewise concerning the nature of these 
tumois, whether they represent secondaiy growths from simple lests 
of embryonic tissue oi a generalized disturbance of tissue diffei entiation 
Stembiss championed the view, based largely on the frequent association 
of similai malformations m other organs, that these rhabdomyomas 
are phenomena of a general developmental distmbance due to an 
abnoimal germ condition, and that they have nothing to do with the 
germ explosions conditioned by mechanical developmental disturliances 
as conceived by Ribbeit According to Stembiss, the tumor cells pre- 
sence morphologically the enibr3conal type, but reach a high degree of 
tissue maturity This is shown not only by the gigantic size which 
the tumor cells attain but by regressive changes that are often observed, 
such as the replacement of connective tissue and sometimes even calcifi- 
cation All cases appear to have leached their final development m 
embiyonic life, appealing the same whatevei the age of the patient The 
tunioi cells do not mciease m number of elements but the single elements 
may hypertrophy, the sarcolemma increasing to a much greater degree 
than the myofibrils or contractile elements 

Microscopicall}^ then, as indicated, the rhabdomyoma of the heart 
consists of tubular muscle cells which often have a diameter many 
times that of normal fibers, where it is thicker and fibiillai, the wall 
of the tubes shows decided cross striations In the laige central 
vacuoles or lumens there are nuclei, appearing like spiders m a web, 
arranged m series at certain distances, and other nuclei aie seen in the 
penpheiy In then content of connective tissue, cases diflrer much, 
but usually the amount is small The impression is often guen that 
the tumor elements foim a sync)d:ium due to the peripheral fibrils 
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crossing from one tube to another in the absence eithei of distinct cell 
boundaries or unifoimity in direction of the long axis, fat is not 
uncommonl}^ found within the tumor elements In a case reported by 
Bundschuh a nodule near the apex of the heart contained both myo- 
matous and hpomatous poitions without a shaip line of demarcation 
The cases of Tedeschi and Spalty Avere somewhat similar 

At least 41 cases of rhabdomyoma of the heait have been recorded 
111 man and reports have appeared of instances in the lower animals 
The human cases were collected by Farber (1931) In geneial, there 
are tliiee morphologic types of rhabdomyoma (1) solitary, (2) multi- 
ple and (3) diffuse The solitary nodule is usually located at the apex 
of the heart and is unassociated with other developmental abnormalities 
The multiple nodules may be subendocai dial, mtramuial or subepi- 
cardial, and may or may not project into the cavities of the heart or 
the pencaidial sac They show frequent transitions to normal cardiac 
muscle and aie often associated with other developmental conditions, 
particularly tuberous sclerosis of the brain, mixed cell tumors of the 
kidneys and adenoma sebaceum of the skin The patient may or may 
not be feebleminded or epileptic In the diffuse variety (cases of 
Ribbert and Uehlmger), the rhabdomyomatous elements occur as small 
circumscribed nodules and are also scattered through the cardiac muscle 
without definite grouping In Schmincke’s case, all of the myocardium 
was composed of ihabdomyoma fibers, the patient was a new-born 
infant and the heart was twice normal size but not malfoimed 

The age incidence of death of persons with rhabdomyoma is new- 
born, 4, fiist year, 14, second year, 5, third year, 5, and 1 each m the 
fourth, fifth, sixth, seA^enth, eighth, tenth, fourteenth, sixteenth, 
tAventieth, tAventy-first, thirty-fiist, and thirty-fifth years Whethei 
death occurs because of the rhabdomyoma depends, of course, on the 
extent of inAmlvement of the heart, the size of the nodules and the 
position of large nodules In the patients of Steinbiss dying at 21 
and 35 yeais of age there weie only one or tAvo small nodules and 
no circulatory embarrassment When the groAvth is large and at the 
apex, m the left A^entricle or septum, or obstiucting an orifice, such as 
the pulmonary in Ponfick’s case, death occurs early Strangely, in 
Uehhnger’s case of diffuse involvement there Avas no circulatory 
embariassment, the patient dying of tetanus at the age of 20 years 


MISCELLANEOUS TUMORS 

Other primarj’ tumors of the heart have been recorded but are rare 
eA en compared to those already described These are the lipoma, 
1} mphangio-endothehoma, hemangio-endothehoma, leiomyoma and 
rhabdomyosarcoma 
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Accoiding to Martin, about 21 cases of lipoma ha^e been recoided 
The summaiy of Verliac and Moiel, in 1909, gave 11 pieMously 
lepoited cases, to which they added 1 Besides 4 other possible cases 
conceining which Veihac and Moiel could not obtain accuiate data, 
Monckebeig mentioned 3 more by Handfoit and another by Dittrich 
Thoiel claimed 1 for Kirch-Heitel and 1 for Pommel, and Mai tin 
described a fuither case The lipomas aie usually small but may 
become as large as a hen’s egg They aie often subepicai dial oi sub- 
endocardial, but may be intramuial Those that aie subepicai dial aie 
lather large, flat, smooth, whitish yellow and usually pedunculated 
Those that aie subendocardial are not as laige and aie usually sessile 
In the case leported by Brewis, the tunioi was attached by a pedicle 
on the interventiicular septum, and completely obstiucted the tricuspid 
oiifice In the cases leported by Spalty and Tedeschi, the lipoma was 
suiiounded and penetiated by cardiac muscle fibeis Most of the 
patients were past middle age and did not have symptoms of cardiac 
d 3 ^sf unction Concerning the oiigin of the subendocaidial lipomas, 

Thorel asserted that they are derived fiom those little, usually ciicum- 
sciibed, lound oi oval clusteis of fatty tissue that are seen occasionally 
undei the endocardium of the free wall of the light ventiicle oi of the 
septum and rarely of the left ventiicle 

To my knowledge, only 3 instances of lymphangio-endothehoma have 
been desciibed, 2 of which were extremely mteiesting because they 
caused complete heait block The case lepoited by Aimstrong and 
Monckebeig (1911) was a small tumor, 8 by 6 by 5 mm, located in 
the region wheie the bundle of PIis emerges from the auiiculo\entiiculai 
node, it was inteipieted as being deiived fiom the lymph vessels of the 
node, with which it is richly supplied This was stated to be the 
first blastomatous new growth of the specific muscle system leported 
111 the hteiatuie In the case of Llo 3 ^d (1929) the tumor was 15 b 3 ^ 
12 by 8 mm , without a definite boundai 3 ^, although quite sharpl 3 ^ 
localized, situated in the region of the auiiculoventncular node The 
thud case was lecoided by Forel as a small discoid exciescence with 
smooth suiface and soft consistency, about 2 5 mm in diameter, with 
a pedicle, located on the auricular aspect of the posteiior flap of the 
mitral valve 

A hemangio-endothehoma was described by Penneman on the 
anteiior wall of the left auricle, about the size of a chestnut and pio- 
jectmg 1 5 cm into the cavity of the auricle A hemangioma caver- 
nosuni was described b 3 '- Schuster on a papillai 3 ^ muscle of the light 
ventiicle This is similai to Rau’s case of a cheiiy-sized cavernoma in 
the subendocardium of the light auricle and to Tiain’s, of a tumor the 
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size of a hazelnut in the ^entllculal septum Monckeberg expressed 
the belief that tumois of the type of the latter three were not blastomas, 
but piohably varices 

A malignant leiom 3 'oma was described b}’’ Eschbach (1928) as oiigi- 
natmg from the wall of the pulmonary artery, involving the pulmonary 
valves and almost completely occluding the left pulmonaiy artery 
There is some question as to the nature of this tumor, possibly it is 
a polymorphous cell saicoma oi a malignant endothelioma The author’s 
reasons foi his diagnosis seem rather convincing, however Nagayo 
desciibed several minute fibromyomatous nodules within a large bianch 
of the left bundle; branch 

Biadley and M?xwell (1928) described a large tumor filling the peri- 
cardial cavity and imading the caidiac muscle to some extent and with 
metastases in the lungs, hvei and kidneys Sections showed a poly- 
moiphous cell sarcoma with man)'- long spindle cell forms, some of the 
cells contained faint longitudinal stiiations The authors called this a 

1 habdom 3 'osai coma 

Piimaiy caicmoma of the heart has never been described, but 
seveial lather authentic cases of carcinoma oiigmatmg in the peri- 
caidium have been leported 

VARICES or THE HEART 

Vances, vaiicose veins, blood nodes oi blood cysts aie considered 
because they bear an outwaid siinilaiit)^ to tumois In fact, while they 
aic piohably due to developmental defects in the new-boin or legressive 
changes in the aged, it is still impossible in certain instances to say 
positnel) whether one is dealing with a condition of dilated venous 
channels or an angioma, as some of these tumors have been called 
Husten (1923) collected 31 cases from the literature The most fre- 
quent site foi this formation is the rim of the fossa ovahs, especially 
m the light auiicle (23 cases have been lepoited in the right and 

2 111 the left auricle) There were 3 instances of varices on the valves, 
1 on the pulmonar)" and 2 on the tricuspid There were 2 cases of 
Aarices on the anterior papillar)' muscle of the light ventricle and 1 of 
multiple ^arlces in both ventricles These varices ma)!^ be single oi 
occui 111 small clusters The)^ may be pedunculated, but aie usually 
sessile and shine through the endocardium as a daik red nodule, rarel)^ 
larger than a pea Usualty the) contain a clot, which ma)!^ be stratified, 
and sometimes there is a phlebohth Some occur m the new-born but 
most of them aie found in adults over 50 According to Nauweick, 
111 the auiicle of adults the)^ iiia) represent hypoplasia of the wall of a 
leiii nliicli lies superficial!)'- undei the endocardium, or they may be 
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dilated thebesian veins Frank suggested that they are due to con- 
genital nai rowness of the mouths of these ^elns Those on the vahes 
may occui as a failuie of i egression of the vasculai apparatus of 
fetal life, but Bundschuh, desciibing one on a pulmonary vahe, con- 
cluded that the ingoing and outgoing canals open on the suiface of the 
valve Varices are of no clinical impoitance 

PRIMARY TUMORS OF THE PERICARDIUM 

All primal y tumois of the peiicaidium aie raie Piimaiy saicoma 
of the peiicaidium has been discussed under the heading of primaiy 
saicoma of the heart, when it was said that 10 of 45 sarcomas weie of 
the peiicaidium Also, when discussing lipoma, it was mentioned that 
several primai}'- sai comas had been described on the external suiface 
of the heart, these undoubtedly oiiginated fiom the small fat lobules 
which aie almost always seen m the connective tissue of the pencaidium 
of fat persons (Thorel) The question has been raised (Stiupplei) 
whether these represent an embiyonal displacement accoiding to the 
meaning of Ribbert Other types of neoplasm have been recorded 
Kaufman described lobulated fibrous polyps on the inner surface of a 
fibrotic, thickened peiicaidium, the sac of which contained 400 cc of 
a serosanguniofibnnous exudate Jaiisch described a papillary tumoi 
of similar appearance which he concluded was the lesult of organization 
of a fibrinous exudate As benign tumors, Oith noted small multiple 
polypoid tumois of connective tissue containing numerous blood vessels, 
which may be fibromas or fibiohponias Hoch desciibed a tumor which, 
microscopically, was clearly a phlebogenous angioma 

Of unusual interest is caicmoma of the peiicaidium The few cases 
lecorded seem to be instances of endothelial carcinoma deiived from the 
surface cells of the epicaidium Dietrich, Garnieii, Ceelen, and Broad- 
bent (according to Ceelen’s mterpietation) each lepoited a tumor of this 
type Dietrich’s case is i ather typical of all A v oman, aged 44, presented 
at autopsy an enormous bulging of the pencaidial sac, which contained 
1,500 cc of dark led fluid A palm-sized giayish-red, spongy and 
crumbly, caiihflowei -shaped tumor riith many small superficial blood 
\essels covered the collapsed light auricle Micioscopically, this tumor 
was of papillary structure with a connective tissue fiamewoik contain- 
ing large vessels, arising fiom the parietal pericardium, the framework 
was filled with clusteis of large endothehal-hke cells with plump, vesicu- 
lar nuclei rich in chromatin, and the cells veie aiianged m concentiic 
layeis, but without definite perle foimation 

A teiatoma lying within the peiicardial caMt}'- and attached to the 
loot of the pulmonai)’- artery was described by Joel, m 1890 
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Keller and Callender desciibed a laige neuiofibroma attached to the 
parietal pericai diiim and appaiently originating from the phienic neive 
I have seen a cyst, piobably of a lymphatic vessel, 4 5 by 2 5 hy 
2 5 cm , in the pericaidial fat at the apex of the heart 

SY]\IPTOMATOLOGY 

Seveial authors have discussed this subject, particularly Link, 
Kiehl, Fraenkel, PaAlovsk}^ Nowicki and Meroz 

Foi convenience of consideiation of the symptomatology, I piefer 
to make the following division, which is quite difteient fiom that of 
pievious authois 

A Clinical tj'pes not suggestive of tumor of the heart 

(1) Absence of symptoms referable to the heart 

(2) Symptoms of cardiac embarrassment terminally 

(3) Sj'^mptoms of congestive heart failure 

(4) Sudden death 

(5) S 3 unptoms suggestive of subacute bacterial endocarditis 
B Clinical types suggestive of tumor of the heart 

(1) Heart block 

(2) Symptoms referable to location of the tumor other than heart block 

(3) Symptoms of cardiac dj'sfunction developing without apparent cause 
in a patient with a known malignant process 

(4) Accumulations of hemorrhagic fluid, pericardial and pleural 

(5) Suggestive roentgen observations 

In many instances, symptoms of cardiac origin aie absent One can 
leadil} see that a small fibioma of a valve or a modeiate numbei of 
nodules m the myocaidium would have little effect on the efficiency of 
caidiac action, but, as pieviously mentioned, it is astounding how large 
the tumois may become, how numerous the nodules oi how extensive 
the infiltration of the myocaidium before caidiac function is distuibed 
This is particularly tiue of metastatic giowths, m such cases usually 
death occurs as a result of a widespiead malignant process However, 
even when the giowth is piimaiy in the heart, death may occui as a 
result of distant secondaiy lesions without caidiac failure The case 
of Beck and Thatcher illustrated well how minor the caidiac symptoms 
ma} be and yet how seveie the involvement of the heart The patient 
w as a man, aged 27, in whom the symptoms were all abdominal associ- 
ated with marked cachexia There were man}'- subcutaneous nodules 
demonstiated to be spindle cell saicoma and thought to be metastatic 
There vas a soft S 3 Stohc muimur 03er the precoidium, the heait late 
vas 120 and regular, and the blood piessure, 96 systolic and 56 diastolic 
These obser3ations weie no diffeient than those that might be found 
111 any terminal cachectic state Death resulted fiom general peritonitis 
The heart and pericardium weighed 1,100 Gni , 250 cc of blood was 
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found in the pericardial sac There was an extensne sarcoma of the 
left auricle, se^elal centimeteis thick, breaking into the cavity of the 
auiicle and almost filling it as two masses, the sarcoma extended over 
the left ventiicle, and involved the outer portion of the m}Ocaidium 
A puiulent general peiitonitis was found, due to peifoiation of the 
ileum from a huge saicomatous mass involving the intestines 

In some cases caidiac insufficiency has been pait of the teiminal 
picture, subsequent to a clinical course which did not include S}mptoms 
of cardiac bieakdown In such cases the heart has appeared to dis- 
integrate 111 the final stage of visceial dissolution, and there has not 
been leason to suspect other disease of the heart 

Symptoms of congestive heait failure develop in a ceitam percentage 
of cases, and the clinical couise may be entirely that of caidiac decom- 
pensation Usually 111 such instances the clinician is unable to detei- 
niine the etiologic factor that is lesponsible for the heart failure, oi 
he may assign a cause for which he has insufficient evidence Extensive 
involvement of the myocardium, obstruction of an orifice or embarrass- 
ment of cardiac actn ity by a pericardial effusion may result m congestive 
heait failuie Not infrequently vuth pedunculated intracavitary tumors 
an orifice, frequently the mitral, nia}'- be occluded and the signs of 
stenotic valvular disease be imitated In such cases, the diagnosis is 
given as cardiac decompensation due to chronic endocarditis The caie- 
ful clinician may be able to detect certain pecuhaiities in these cases, 
these pecuhaiities will be discussed shortly An interesting observation 
has been made that the smaller benign neoplasms are often found in 
cases in which peisons have died of caidiac failure, and in which the 
tumor could not possibly have pla3’^ed a causative role 

Sudden death has occurred in some of the cases reported, either in 
the course of symptoms of cardiac insufficiency or m the absence of any 
cardiac symptoms Usually the sudden death has been apparently due 
to sudden occlusion of either the mitral or the tricuspid orifice by the 
penetration of an inti acavitary pedunculated tumor Although strands 
of cancel cells have been noted loose in the coronar}’- vessels (Moore), 
and neoplastic thrombosis of the cardiac chambers has been noted 
(Kanthack, Aubertin, Waithin), it is questionable whether any of the 
sudden deaths recorded have been caused by metastatic emboli occluding 
the coronar}’- arteries Anginal attacks have occurred, m the case 
reported by Ingram they were followed by sudden death, but it was 
questionable whether the carcinomatous nodules that had formed in the 
heart had caused obstruction of the coronar} arteries In the case of 
Fuhiman (case 1 ) m which a spiirdle cell sarcoma of the aortic valve 
had obliterated the orifice of the right coronary artery and the left 
coronary aiteiy had been occluded by a plug of tumor tissue, sudden 
death occurred rrithout previous S}mptoms except headache 
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In a limited number of cases a clinical course piactically identical 
to that of subacute bacterial endocarditis has been recorded These are 
usually cases of carcinomatous metastasis in^ohing the cavity of the 
heart and throwing off showers of small emboli from time to time into 
the circulation Examples of this type of course are the cases of Rist 
and Rolland, of Widal and Abrami and of Carnot and Lambhng The 
blood culture, of course, is not positive, but this fact is not of great 
diagnostic importance m bacterial endocarditis and would therefore not 
be sufficient to rule out this more common condition 

Thus far there has been nothing of diagnostic value in the clinical 
t}pes discussed There are, however, clinical features that m certain 
cases should make one include tumor of the heart m the differential 
diagnosis In eiery case of heart block, especially when complete, one 
should consider the possibiht}^ of tumor when there is no definite 
cause ascertainable for the arrhythmia Two cases of lymphangio- 
endothelioma of the auriculoventricular node causing heart block have 
been described Armstrong and Monckeberg’s patient was a boy, aged 
5^ 3 ears, with intermittent complete heart block In Llo}'^d’s case the 
patient was a S 3 ^phihtic Negro, aged 39, with first degree heart block, 
vho died suddenly vhile being examined A relatively large number 
of secondar}'- tumors have been described in which some portion of the 
conduction system has been involved The case of Rosier was diagnosed 
during life as heart block due to metastatic carcinoma, in the ventncuLu 
septum under the aortic valve was a walnut-sized metastatic tumor 
occupying the entire thickness of the septum A woman, aged 47, had 
a carcinoma of the cheek with metastases in the right deltoid muscle, 
while she w^as m the hospital, precordial pain, a sense of oppression, 
d^spnea and a feeling of occasional cardiac standstill developed The 
heart was not enlarged, the rate was 26 pei minute, there was a loud 
s\ stolic mtirmui at the apex Stokes- Adams’ attacks occuri ed m a case 
carefull} described b} Luce In the case reported b}'^ Wilhus and 
Amberg, the diagnosis of secondary sarcoma of the heart was made 
during life because of cardiac failure and great h 3 "pertroph}'^ of the heait 
de\ eloping in a child knowm to have a sarcoma of the femur, the 
electrocardiogram ot “left bundle branch block” w'^as obtained In some 
instances it has been a matter of w^onder why disturbances in conduction 
weie absent in the presence of extensne mvohement of the mter- 
■\entncular septum (case of Martin and Klotz) Arrh)ffhmias other 
than complete heart block are not infrequent but are of no diagnostic 
lalue, although m three cases reported b}^ Fishberg the appearance of 
auricular fibrillation in two and auricular flutter in one associated with 
orthopnea led to the diagnosis of metastatic invasion of the heart 

When one considers other signs or symptoms referable to the 
location of the tumor, one finds that certain suggestive evidence is 
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occasionally manifested Anomalies of the symptomatology of caicliac 
disease are not infrequent in tumors of the heait and should lead to 
careful consideration of etiology For instance, if a tumor of the left 
auiicle involves the pulmonary veins theie may be great embanassnient 
of the pulmonary circulation, with dyspnea, cyanosis and cough greatly 
out of proportion to the degree of edema (case of Justi) In one 
of Binder’s cases in which the right auricle was nearlv filled by a 
primal y sarcoma, the edema began in the face and extended next to the 
tlioiax and lastly to the legs Likewise m Ehrenberg’s case there weie 
dyspnea, cyanosis and edema of the uppei half of the body with enlaige- 
ment of the veins of the steinum, the tumor filled the light auricle 
and the venae cavae Often, because of these signs of obstruction of a 
certain part of the cardiac apparatus, and when the area of caidiac 
dulness is greatly inci eased, the diagnosis of tumor of the mediastinum 
IS made This is especially tiue in cases of laige sai comas The 
symptomatology of iaigc, pedunculated, intiacavitaiy tumors, which are 
usually of myxomatous and sometimes of sarcomatous nature, is of par- 
ticulai interest The tumor frequently penetrates and theiefore greatly 
occludes an intracaidiac orifice, usually the initial, less often the tri- 
cuspid, and sometimes the pulmonary and aortic A numbei of cases 
of this type, in which the initial oiifice has been obstiucted, have been 
obseived Mitial stenosis or regurgitation have been simulated Seveial 
featuies, however, may be piesent to indicate that the case is not the 
usual one of iheumatic endocarditis The histoiy of a rheumatic 
infection is absent, when congestive failure begins, it is progiessive, 
digitalis usually has no effect, and the physical signs may change with 
change of position In this last respect the signs may be those of 
initial stenosis when the patient is sitting and of mitral insufficiency 
when he is lecumbent, oi the murmur may change remarkably within a 
shoit time Gottel quoted Pavlovsky’s case of a primal y sarcoma of the 
light auiicle, m which during life the diagnosis of a primal y tumor 
of the left auricle had been made, because the signs were those of 
stenosis when the patient’s body was vertical and those of regurgitation 
when It was horizontal Sudden attacks of intense dyspnea or parox} sms 
of cyanosis may occui with change of position Signs of right auiiculo- 
ventiiculai obstruction should aiouse suspicion because tricuspid stenosis 
lesultmg fioin inflammation of this orifice is so rare Likewise, tuinoi 
of the heait should be considered when signs of pulmonic stenosis aie 
acquiied, since this lesion is almost always congenital The sessile 
inti acavitai-y tumois do not often produce these clinical pictures, but 
occasionally they obstiuct an oiifice In sarcomatous iiiti acavitary 
giowths, multiple emboli may be thrown out into either the pulnionar} 
or systemic cii dilation 
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Occasionally, when a person has a recognized malignant neoplasm, 
the onset of symptoms of cardiac dysfunction, such as airh 3 ^thmia or 
d}spnea or passive congestion, suggests the possibility of metastatic 
invasion of the heart Natuially other causes for the cardiac symptoms 
must be eliminated In all of the cases thus fai diagnosed during 
life as secondary m\asion of the heart, such a situation has existed 
The case of Roslei, that of Wilhus and Amberg, and the three cases 
reported by Fishberg were diagnosed m this wa}'^ The patients of the 
last named author were all aged between 60 and 70 Two had known 
primal y caicmoma of the bronchi, and auricular fibi illation, orthopnea 
and finally cyanosis developed In both, the carcinoma had invaded 
the posterior wall of the right auricle (m one, also the left) down to the 
endocardium sufficiently extensivel}'’ to destroy a laige part of the 
auricular wall and probably the smo-auncular node In the third case 
aunculai flutter, status anginosus and oithopnea developed in a man with 
widespread sarcoma of the reticular cells The walls of the right auricle 
were extensively invaded down to the endocardium and a nodule 2 
cm m diameter surrounded and obstiucted considerably the ciicumflex 
branch of the left coronary aitery 

The accumulation of bloody fluid in the peiicardial sac is highly 
presumptive evidence of a tumoi of the heart This is a not uncommon 
finding m sarcoma of the heart m which the epical dium is mvohed oi 
in which the growth begins in the pericaidium Tumor cells may 
raiely be found in the fluid Blood)'- pleuial effusions, while not as 
definitely suggestive of a caidiac neoplasm, should arouse one’s 
suspicion 

Lastly, a localized enlaigement of the heait or an iiiegularity m its 
outline associated with enlargement should make tumor of the heart 
one of the mam considerations, together with aneurysm of the heart and 
mediastinal tumoi These irregularly enlaiged hearts have usually 
been diagnosed mediastinal tumor The fluoroscope or roentgenogram 
IS naturally of paramount importance in detecting localized enlargements 
and irregularities 

SUMMARY AND CONCLUSIONS 

Tumors of the heart and pericardium, both piimary and secondar), 
are lare Metastatic lesions aie usually carcinomatous oi sarcomatous, 
and are seen most commonly in cases of widespread dissemination The 
primary growth may occur in any oigan Invasion of the heart appai- 
entl)'^ occurs most commonly by way of the blood stream, and the right 
side of the heart is more often or moie extensively involved than the 
left 

Primaiy tumors of the heart are myxoma, fibioma, sarcoma, ihabdo- 
ni) oma and less commonly lipoma, endothelioma and a few rare forms 
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Vances occur in the heait Nodulai leukemic infiltrations aie occa- 
sionally seen The myxoma is a pedunculated mtracavitaiy tumoi and 
often leaches sufficient size to obstiuct an auiiculoventnculai oiifice 
The fibroma is a pedunculated Aalvular tumoi and never becomes vei} 
laige The sarcoma may be intramural or intracaMtary oi both and 
often becomes extensive Metastases from saicoma of the heait are 
relatively not uncommon The ihabdom}oma is a congenital tumor of 
embiyonic cardiac muscle and is often associated with tubeious scleiosis 
of the brain and other developmental disturbances The patients usuall} 
die 111 infancy or early childhood of conditions not leferable to the heait 
The lipomas are rarely the cause of caidiac d}sfunction Lymphangio- 
endothelioma of the aunculoventiiculai node may occui and cause 
aunculoventncular dissociation 

Primary tumors of the pericaidium are usually saicoma oi lipoma 
Other tumors have rarely been desciibed, including caicinoma or 
endothelioma of the surface cells of the epical dium 

The symptomatology may be divided into two classes — that which 
IS not suggestive of tumor of the heart and that which is In the fiist 
dass are those cases in which there aie no symptoms leferable to caidiac 
dysfunction, those in which there is teiniinal cardiac bieakdown, those 
in which symptoms of simple congestive heait failuie dominate the 
clinical picture, those m which sudden death occurs with oi without 
previous cardiac symptoms and those in which the clinical picture is 
that of subacute bacterial endocarditis In the second class the clinical 
t3qDes may be quite diveise but should seive to call to mind the possibility 
of tumor of the heart Any case of heart block m which no satisfactory 
explanation of the arrhythmia is obtainable may be one of tumoi break- 
ing thiough 01 originating in the mam poition of the conduction appa- 
latus When symptoms referable to distuibance of function of a 
portion of the heart occur, tumor of that pait of the heart is a diagnostic 
possibility In the case of pedunculated mtracavitaiy tumoi obstiuctmg 
a cardiac orifice, usually the initial or tiicuspid, certain deviations from 
the usual symptomatolog}'- of endocarditis are often piesent The his- 
toiy of iheumatic infection is absent, the couise of congestive failuie 
is piogressive, there is little or no response to digitalis, and the physical 
signs may change remarkably with change of posture In every case m 
which tricuspid stenosis seems to be piesent, tumor should be sus- 
pected because inflammatory stenosis of that orifice is exceedingly laie 
Acquiied pulmonic stenosis should be considered the lesult of neoplastic 
obstiuction If 111 a peison who is known to haibor a malignant neo- 
plasm caidiac symptoms develop which cannot be otherwise explained, 
It IS leasonable to assume that metastatic imasion of the heart has 
OCCUI red Accumulations of hemoirhagic fluid in the pericardium are 
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suggestive of subepicardial or pericardial neoplasm, and hemorrhagic 
pleural effusions are not uncommon m malignant disease of the heart or 
pericardium A localized enlargement of the heart or an irregularity 
of outline associated with enlargement as shown in the roentgenogram 
are suggestive of tumoi of the heait as well as aneurysm and mediastinal 
tumor 

Few cases of tumoi of the heart have been diagnosed during life 
Gottel gave Pavlo^sk}^ ciedit for the diagnosis during life of a piimaiy 
tumor of the left auricle, which m reality was in the right auricle 
Rosier and Willius and Amberg made the diagnosis of metastatic 
imasion, and Fishbeig reported three cases of secondary involvement 
of the heart' diagnosed or at least considered a probability while the 
patients were alive 

Appended are the reports of nine cases of tumor of the heart, five of 
which are instances of secondary tumoi and four of primary tumor 

REPORT OF CASES 

Case 1 — Metastatic caicitwma 

In a Negro, aged 55, a simple deteriorating senile type of psychosis de\ eloped 
in September, 1928 On admission to St Elizabeth Hospital, it was noted that a 
tumor the size of two fists, rather soft, mushy and conical, with an ulcerated apex, 
was located on the left side of the chest posteriorly This tended to bleed easily, 
and was considered inoperable The mass grew rapidly, and the patient gradually 
declined, dying of bronchopneumonia The sarcoma on the back had grown to 
more than 2 Kg in weight, was sharply outlined, almost encapsulated, and did not 
seem to be infiltrating the tissues Microscopically, it sho^^ed a rather unusual 
tjfpe of fibroblastoma vith extraordinary differentiation The lungs were not 
consolidated, but a small metastatic carcinoma was found in the peripheral por- 
tion, and some of the hilar Rmph nodes were infiltrated The liver and spleen 
were not affected The peritoneum and the kidneys were free Microscopically, a 
small carcinomatous nodule was found in the prostate, along with adenomatous 
hiperplasia A small primary carcinomatous nodule w^as found in the pituitary 
The anterior surface of the heart showed broad confluent patches of opacity On 
the posterior surface of the heart ivere small nodules extending from the epicar- 
dium The cardiac lessels showed patchj" sclerosis On section the cardiac 
muscle W'as firm and fibrous Microscopic examination showed that the nodules 
in the heart were of metastatic carcinomatous nature, possibly arising from the 
primarj grow'th in the prostate There Avere clumps of cells rather close together, 
but separated bj one or a few cardiac muscle fibers These clumps of cells were 
enclosed in a delicate endothelial sheath, apparentlj’^ that of a greatR dilated capil- 
lary Mitotic figures were moderatelj numerous 

Case 2 — Metastatic caicinoma 

A w'hite man, aged 66 w^as sent to St Elizabeth’s Hospital on account of a 
suicidal attempt He was somewhat confused and feeble, and v’as the 
subject of paralysis agitans A roentgenogram of the chest showed a circular 
opacit}’^ in the upper lobe of the right lung which could not be demonstrated by 
ph 3 'sical examination After four months with a septic temperature and great 
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emaciation, the patient died in October, 1930 Kecropsj disclosed primary car- 
cinoma of the upper lobe of the right lung with marked degeneration and hemor- 
rhagic infarction There were secondary nodules m the pleura, the mediastinal 
lymph nodes and the liver The heart, besides being rather fibrotic, contained a 
small shotlike, pearly gray nodule embedded m the anterior wall of the left 
ventricle A similar nodule w'as found in the anterior papillary muscle of the left 
ventricle and a third superficially m one of the columnae carneae at the base of 
the right ventricle Microscopically, the tumor in the lung consisted of polygonal 
and spindle-shaped cells of unequal si/e with many gigantic nuclei and numerous 
mitotic figures The nodules m the heart consisted of circumscribed masses of 
similar cells growing between the muscle fibers In the brain there was secondary 
implantation in the ependyma m many locations 

Case 3 — Mctastahc cmcinonia 

A man, aged 53, had been admitted to St Elizabeth's Hospital at the age of 35, 
having developed mental symptoms tvhile m the army In 1906, his left side 
became paralyzed In 1914, he began to pick constantly at an abrasion on the 
left side of the nose The lesion gradually increased in size On March 13, 1924, 
he had a sudden attack of abdominal pam, and died about seven hours later 
Necropsy revealed an extensive basal cell carcinoma involving the left orbit and 
side of the face There ivas no involvement of the brain The peritoneal cavity 
contained a liter of cloudy greenish fluid, and disclosed active peritonitis due to 
the perforation of the cardiac end of the stomach by a large carcinomatous lesion. 
There was extensive carcinomatous metastasis to the peritoneum, but none to the 
liver Some of the esophageal Ij'mph nodes were invaded by carcinoma The 
lungs were not involved The heart weighed 470 Gm , was enlarged to the left, 
and surrounded by 230 cc of clear pericardial fluid The organ was greatly dis- 
torted, the entire auricular musculature being infiltrated by malignant growth 
The walls of the left ventricle were also greatly thickened, and in areas sur- 
rounding the coronaries there were dense thickened patches of infiltration A 
malignant polyp with a small attachment was found hanging free m the right 
auricle There were undoubtedly two distinct lesions, the basal cell carcinoma 
of the face and the primary adenocarcinoma of the stomach No slides are 
available for a review of the case to indicate which of these lesions gave rise to 
the carcinomatous metastasis in the heart 

Case 4 — Hypo ncpht oma of the light auiiclc 

An elderly Negro of unknown age entered the Gallmger Municipal Hospital 
in a greatly emaciated, anemic and weakened condition, and died five days later 
on April 29, 1928 Necropsy revealed the following conditions There was a 
large mass in the right renal region, adherent to the liver, the ascending colon and 
the duodenum, and apparently originating from the kidney Dissection showed 
that the mass was a large hypernephroma (clear celled carcinoma) practically 
replacing the kidney The new growth had migrated out through the renal vein, 
passed up through the vena cava, and terminated m the right auricle, which it 
practically filled as a j^ellowish, friable mass (fig 1) The heart was small and the 
pericardium contained about 100 cc of clear fluid The epicardial fat showed serous 
atrophy The coronary arteries were markedlj'- sclerotic Except for the changes 
due to coronary sclerosis, the myocardium was normal The orifices of the heart 
appeared normal No other metastases were found The lungs were edematous 

This case is similar to one observed by me at the Alaj'o Clinic m 1928, in 
which the hypernephromatous tissue after filling the right auricle passed upward 
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through the superior Aena car'a to the Aeins of the right side of the neck There 
A\ ere also large metastatic nodules in the lungs in that case Clinically, there Avas 
no eAudence of congestiA'^e heart failure, as one might expect 

Case S — Metastatic melanosai coma 

A A\ hite man, aged 64, had been confined to St Elizabeth’s Hospital for a mild 
pSAchosis since 1922 In 1929, the left ej'e Avas removed because of severe pain, 
and examination revealed sarcoma of the choroid penetrating through the sclera 
and appearing outside the bulb Recurrence produced a fungating tumor m the 
orbit In spite of remoA^al and cauterization, it grew to be the size of a grapefruit 
Roentgen examination shoAved the entire left orbital bony structure replaced by 



Eig 1 (case 4) — Hypernephromatous tissue completel}'^ filling the right auricle 
through the inferior A^ena caA^a 


tumor and metastases in the lungs Death occurred on Nov 24, 1930 Necropsy 
shoAved extension of the original growth into the left malar bone, left antrum, 
lateral portion of left nasal fossa, and through the orbital plate into the cranial 
caAity A metastatic mass about 4 cm m diameter Avas present in the left tem- 
poral lobe In the left lung Avas a massive black metastatic lesion, 9 by 8 by 
6 cm , and a small one near the hilus of the right lung A large mass Avas found 
medial to the left kidneA' Nodules as large as 6 cm m diameter Avere present m 
the omentum adherent to the peritoneal coat of the intestine, particularly in the 
region of the cecum, and there AA^as one small nodule m the submucosa of the 
colon Taao nodules AAere embedded in the tail of the pancreas The heart Avas of 
normal size, the epicardium AAas rather fatty, and the myocardium Avas soft, fine 
in texture and translucent In the posterior part of the interauricular septum on 
the right side, fairty close to the auricular appendage, Avere tAvo small shotlike 



YATER— TUMORS OF HEART AND PERICARDIUM 


653 


nodules resembling embedded lead shot, occup} mg the muscular tissue and sho\\ imr 
through into the ca\it} jMicroscopic examination sho^\ed that the primarj and 
larger secondary lesions consisted of groups of cells containing a lariahle amount 
of pigment, tending to necrosis in the center and to "VMdespread extension exter- 
nall}' The nodules were rather riclih’’ supplied b}" thm-\\ ailed blood ^essels The 
small nodules in the heart consisted of a mass of similar cells infiltrating the 
auricular musculature (fig 2) The nuclei of the cells Mere large and h 3 per- 
chromatic The tumor ivas a melanosarcoma A microscopic metastatic nodule 




Fig 2 (case 5) — Photomicrograph of metastatic melanosarcoma in the \vall 
of the right auricle, reduced from a magnification X 85 

was found in the suprarenal In addition to the primarj" growth of the eje Mith 
its multiple metastases, there were a papillari ci'stadenoma of the renal cortex of 
doubtful malignancy and a small primar}' growth probably of adenocarcmomatous 
type 111 the h 3 'poplnsis 

Case 6 — Myxoma of the left am tele - 

A woman, aged 23, came to the clinic on June 16, 1927, complaining of short- 
ness of breath, palpitation and iveakness for a period of two 3 ears The onset 

2 This case has been preMousb' reported (Barnes and Yater AI Chn North 
America 12 1603, 1929) 
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of sjmptoms had not been acute or definite, they had become distinctly worse m 
the last SIX months with some swelling of the ankles and feet at the end of the 
da 3 ' Nausea, vomiting and gaseous distent on in the epigastrium constituted the 
chief complaint on admission The previous history w'as not significant, and 
rheumatic infection w’as not known to have occurred 

Examination of the heart showed a presystolic murmur and thrill at the apex 
and a systolic apical murmur transmitted to the axilla The second pulmonic 
sound was markedly accentuated There was moderate cyanosis of the lips and 
nails The laboratory data were not significant, except that a teleoroentgenogram 
show'ed evidence of definite cardiac enlargement The electrocardiogram show'ed 
a rate of 80, a notched Q R S w'ave m derivation III and left ventricular pre- 
ponderance 



Fig 3 (case 6) — Pedunculated myxoma of left auricle, bisected, showing 
hemorrhages m the substance of the tumor 

The patient’s response to the administration of digitalis and to every effort at 
treatment w^as not satisfactor-s, and her course was progressively downw'ard She 
died from cardiac failure tw'enty-nine days after admission 

The usual conditions of chronic passive congestion of the liver and spleen, 
ascites and hydrothorax, and pulmonary infarcts were found The heart w^eighed 
374 Gm In the left auricle, attached by a broad base to the interauncular 
septum m the region of the fossa ovalis, was an elongated, irregularly’^ round, 
gelatinous looking tumor which measured 6 by 4 5 by 3 5 cm It practically filled 
the auricle and its low'er fourth almost occluded the mitral orifice On the surface 
of the tumor w'ere a few^ small areas of hemorrhage , when the mass w'as bisected, 
the cut surface resembled colloid material and was hemorrhagic (fig 3) The 
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\entncles -were both marked!} dilated, particularly the right, and the walls ot 
the latter chamber w'ere considerablj’- h} pertrophied The Aahes appeared normal 
except for small terminal vegetations on the tricuspid The coronari arteries 
W'ere smooth This was microscopically a myxoma Stained with hematox\hn- 
eosm, the matrix was a pale, pinkish, granular or fibrinous substance In it were 
numerous cords of endothehal-hke cells, often appearing like a sMicitiuni The 



Fig 4 (case 6) — Photomicrograph of myxoma, showing small hemorrhages 
and cords of endothelial-like cells m a mucoid matrix, X 225 


nuclei W'ere light, oval, vacuolated and rather large These groups of cells w'ere 
in general placed with their long axis in the same direction Thej tapered at the 
ends, the nuclei w'ere numerous and close together, and the cytoplasm w'as rather 
pale Delicate blood vessels were present in the tumor, but were not especially 
numerous One contained a fibrinoid thrombus Groups of er 3 throcytes w'ere 
scattered through the sections, and w’ere more numerous tow'ard the center of the 
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tumor (fig 4) Hemosiderin ^^as present in the cytoplasm of some of the cellular 
syncvtia and in what appeared to be plasma cells scattered through the sections 
Lymphocytes were seen here and there, and less numerous polymorphonuclear 
leukocytes occurred, clumped in small groups widely separated 

Both grossly and microscopicallj^ this case closely resembled another case 
studied by me in 1928 at the Mayo Clinic In that case, however, the patient a 
woman, aged 34, died of septicemia following a self-induced abortion She had 
increasing but not especially severe dyspnea on exertion for two years and a 
s 3 'stohc apical murmur 

Case 7 — Hyahnc Ubiorna of the aoitic valve 

A Negro, aged 70, entered the Georgetown University Hospital in a greatly 
emaciated condition Two months previously, speech had become impaired and 



Fig 5 (case 7) — Papilloma (hyaline fibroma) of the aortic valve 


ability to walk was lost Examination revealed a rapid, feeble pulse, generalized 
moist rales in both lungs, inability to articulate or swallow and right hemiplegia 
Death occurred three days after admission, Mav 6, 1929 Necropsy revealed 
nothing of unusual interest except m the heart On the edge of the noncoronarv 
cusp of a somewhat sclerotic aortic valve, projecting up into the aorta when the 
^alve was closed, was a rounded, extremely villose, grayish-pmk tumor, about 
08 cm in diameter, attached to the valve by a short pedicle (fig 5) Micro- 
scopicalh', this papilloma was seen to spring from the subintimal connective tissue 
b^ several small roots The valve in this region was microscopically otherwise 
normal The tumor w'as completely invested by a single layer of endothelial cells 
continuous wnth the intima of the valve It was completely avascular (fig 6) 
The ground substance was homogeneous, pale and slightly eosinophilic (hema- 
toxjlm-eosin stain) Some of the vilh contained denser centers of circular or 
oral shape, wdiich show^ed dense accumulations of broken elastic fibers arranged 
in larers (Weigert’s elastic stain) In the ground substance of some of the vilh 
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were a few, somewhat round cells with an ovoid, rather dark often cccen'nc 
nucleus and a fair amount of cytoplasm The matnv of the tumor stained liijht 
purple wnth van Gieson’s stain Other special stains did not show' ain tiling of 
unusual interest This tumor might be designated a hj aline fibroma 

Case 8 — Fibi omyxoma of ihc aoittc valve 

A white man, aged 65, entered tiie Georgetown Uni\ersit> Hospital on No\ 
15, 1930, and died on No^ ember 23, of empyema of the left pleural ca\iU Clin- 
ically, the case w'as interesting because the empyema was due to the colon bacillus , 



Fig 6 (case 7) — Photomicrograph of papilloma of the aortic lalve through 
the pedicle, reduced from a magnification X 112 

otherw'ise there was nothing especially remarkable except that the patient ga\e a 
history suggestive of duodenal ulcer Necropsy revealed the empyema and a large 
duodenal ulcer The heart w'as normal except for a papilloma attached b} a 
short, delicate pedicle on the aortic side of the right coronary cusp of the aortic 
valve near the free edge and 0 5 cm from the posterior commissure of the cusp 
It W'as pink, villose, soft, rounded, freely mo\able and a little under 0 5 cm in 
diameter Delicate Lambl’s excrescences were present also on the nodules of 
Arantius of all three cusps of the aortic valve There was no evidence of inflam- 
matory change Jilicroscopically, the tumor was seen to resemble closelj that m 
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case 10, which it resembled grossly also It was a papillary fibromyxoma and 
was completelj’’ avascular The numerous small villi were covered by a single 
la\er of endothelial cells The matrix streamed forth from the subendothelial 
connectn e tissue of the valve through a short pedicle In most of the vilh the 
matrix was a delicate mjxomatous tissue with scattered star cells In the center 
of many of the villi the ground substance was more dense, homogeneous, fibrillar 
or granular and eosinophilic When stained for elastic tissue, delicate fibrils of 
elastin and small granules appearing to be products of disintegrated elastic fibrils 
were seen in these cores 

Case 9 — Congenital i habdoniyonia 

A colored girl, aged 5, had had convulsive attacks two jears before death, 
but the attacks had not recurred until two days before her final admission to 
Ancon Hospital On admission, she was unconscious, and showed twitching of 
the muscles, especially of the left side of the body Flaccid paralj'sis of the left 
arm wuth spastic para^sis of the right arm and difficulty in swallowung developed 
a few^ days after admission The muscular twitchings continued, but the child 
could be partiall 3 ' roused from her stupor The spinal fluid was clear wuth five 
cells, the Wassermann reaction was negative and pressure was diminished The 
patient died twentj-tw'o days after admission, on Sept 13, 1927 Necropsy 
reiealed nothing of note except in the brain, kidneys and heart The convolu- 
tional pattern of the cerebrum w^as normal but there W'as considerable variation 
in the depth and width of the individual gj'ri, many of wdnch show’ed focal flatten- 
ing and widening The distorted areas were extremely firm on palpation, and on 
section the firm areas presented a smooth white surface which showed no trace 
of the cortical graj matter These areas w'ere irregular in shape and were on 
the average from 1 to 2 cm m longest diameter They were scattered throughout 
the cerebral hemispheres and basal nuclei and there were small nodules of similar 
tissue m the brain stem, medulla and cord, but not in the cerebellum The tissue 
of the brain, except in these areas, w’as slightly congested, but appeared otherwise 
normal Microscopic examination of the firm areas showed diffuse gliosis wuth 
reduction or absence of nerve cells The glial tissue was rich m fibrils and the 
glial nuclei were not excessive m number (tuberous sclerosis) The kidneys 
appeared normal except for diffuse involvement with yellowish-w'hite, vascular 
nodules resembling grossly small conglomerate tubercles Microscopic section 
showed that these nodules were interesting examples of mixed tumor of the 
Wilm’s t\pe There w^ere also small cj'stadenomas m the kidnej'^s The heart 
weighed 85 Gm The muscle w'as pale brownish red and fairlj'^ firm There was 
a 3 'ellowush-w'hite nodule in the interventricular septum which measured 1 cm in 
diameter and projected approximatelj’’ 0 5 cm subendocardially into the left ven- 
tricle There was a smaller, flat, subendocardial nodule in the w'all of the right 
ventricle On section, the cut surface of the nodules was yellowish w'hite, homo- 
geneous and translucent Thej^ w'ere sharply outlined, but not encapsulated The 
^al^es and chambers of the heart did not show^ anvthmg else worthy of note 
Microscopically, a tvpical rhabdomvoma was seen in the heart The subendocardial 
nodules were well circumscribed, and except in a few small areas W'ere separated 
from the mjocardium bj a laAcr of connective tissue The nodule in the inter- 
ventricular septum was separated into two main portions by a trabecular connective 
tissue, one portion projected into the ventricular cavity subendothelially Under 
low magnification, the tumor looked like a strongly reticulated tissue from which 
most of the sarcoplasm had been dissolved, leaving only the framew'ork of the 
connective tissue and the nuclei Van Gieson’s connective tissue stain, however. 
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revealed that there were practical^’' no fibers of connectne tissue present The 
supposed reticulum constituted the thin sarcoplasmic shells of large, relatuelj 
empty cells m which were large, fairly round nuclei King m a central island of 
sarcoplasm attached to the shell by a fine supporting network of sarcoplasm The 
nucleus w^as densely granular, and contained a large nucleolus Some of the cells 
contained tw'O nuclei in close proximity The outlines of the cells indicated that 
the cells varied somewhat m size and shape, but were irregularly round and more 
or less of the same size Between these large cells, small, ovoid, dark nuclei were 



Fig 7 (case 9) — Photomicrograph of a congenital rhabdomyoma of the heart 
In the upper left-hand corner is seen an adult cardiac muscle fiber in the midst 
of rhabdomyoma cells , reduced from a magnification X 765 

intermittentK embedded m a little sarcoplasm Also, occasionalK between the 
large, protoplasmically poor cells, bodies w^ere seen that resembled the nuclei of 
normal adult mjocardial fibers Where such nuclei were present there might be a 
denser accumulation of sarcoplasm wuth parallelK running fibrils, so that a cardiac 
muscle fiber w^as suggested (fig 7) Cross-stnations w^ere faintly visible in some 
of these areas These denser accumulations of sarcoplasm appeared to have more 
or less the same general direction of their longitudinal axes At one side of the 
nodule in the septum, part of the left bundle branch lay exceedingh close to the 
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edge of the tumor nodule and was bareb^ separated from it by the finest connectne 
tissue fibers This gave an excellent opportunity to study the two types of 
tissue, the Purkmje fibers and the rhabdomyoma cells While there was a super- 
ficial resemblance, more careful study showed the two tissues to be quite different 
Running through the tumor nodule a few scattered delicate fibrous trabeculae were 
seen supporting the tissue and the small blood vessels At the edge of the nodule 
where the mjocardium was in direct contact, a definite transition between the 
two tissues was not apparent 

Note — Since this article was written I have obseived two furthei 
cases of tumor of the heart 

The first patient was a psychotic woman, aged 69, who was found at necropsy 
to have a carcinoma of the gallbladder with metastases to the lungs, liver, ovaries, 
suprarenal glands and heart (St Elizabeth’s Hospital, autopsy no 5631) On 
microscopic section, two small nodules made up of rather large polygonal cells 
were found m the heart, they resembled those of the other metastases One 
nodule w'as located in the subepicardial fat, while the other was in the myocardium 
Both w'ere infiltrating 

The second patient w'as a man, aged 51, who was thought to have a primary 
pulmonary neoplasm with metastases to the liver At necropsy (Georgetown 
Universitj Hospital, autopsy no 34-Y-31), a large bronchiogemc carcinoma of 
the left lung was found -which had extended into and replaced the wall of the left 
auricle dowm to the endocardium The tumor of the lung had so surrounded and 
compressed the pulmonary artery that its lumen appeared like a slit During life, 
significant cardiac dysfunction had not been noted A detailed report of this case 
wall be given elsewhere 
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FUNCTIONAL ASPECTS OF REGENERATED HEPATIC 

TISSUE -■ 

T L ALTH^USEN, M D 

SAN FRANCISCO 

It IS common knowledge that the livei sm passes most, if not all, 
glandulai organs m its power to leplace substance lost thiough disease 
The anatomic piocesses involved in reconstruction of hepatic paien- 
chyma aftei spontaneous oi experimental injury to the h\er ha\e been 
well desci ibed by many investigators ^ Howevei , little is know n con- 
cerning the functional capacity of regeneiated hepatic tissue 

A newf appioach to this important subject w^as opened by lecent 
jnogiess 111 tests of renal function, tw'O of which w’-ere instiumental in the 
present contiibution to the knowledge of pathologic physiologj The 
hist of these, the lose bengal dye excietion test,- is based on the selective 
elimination, via bile channels, of this dje wdien given intiaienousl}^ 
Retention of lose bengal in the blood above 60 per cent at the end of 
eight minutes and ovei 30 per cent aftei sixteen minutes is indicative of 
decreased peimeabihty of the hepatic cells or of obsti notion to the fiee 
flow of bile The second, a modification of the dextiose toleiance test," 
in which insulin and a large amount of w^ater are given to the patient 
in addition to dextiose, depends on the caibohydiate metabohsm-iegu- 
lating function of the hvei A blood sugar level below' 70 mg pei 
hundied cubic centimeteis at the conclusion of this test indicates incom- 
petence of the caibohydiate-iegulating mechanism of this oigan 

These tests, in my experience, coveimg ovei sixty cases, have given 
veiy similai estimates of the functional state of the Inei in health and in 
vaiious diseases of the livei Howevei, in five jiatients wnth obvious 
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hepatic disease and maiked retention of lose bengal dye, the caibo- 
hydiate metabolism-regulating mechanism of the liver was found to be 
within normal limits, as indicated by the modified dextiose tolerance test 
In thiee of these cases, the histones of which are briefly summarized, 
the liver was examined pathologically, making it possible to bung them 
together under one pathologic entity This entity, namely, toxic ciirho- 
sis of the liver, can now also be recognized clinically by the contrast 
between evidence of hepatic damage with marked retention of dye and 
pieservation of normal carboh3^drate metabolism regulation 

REPORT or CASES 

Case 1 — A Swedish stevedore, formerh' a sailor, aged S3, was admitted to the 
University of California Hospital on Dec 18, 1928, with a complaint of swelling 
of the legs and abdomen which came on after exposure during a rainstorm five 
days before entry This swelling was accompanied by cramphke abdominal pains, 
dyspnea and palpitation At the same time he noticed a diminished output of urine, 
nocturia and distention after meals He admitted that he used alcohol moderately 

On examination, there was vitiligo on his arms The cervical lymph nodes 
were palpable The right pupil w'as small and fixed , the left pupil reacted slowly 
to light and accommodation There were signs of fluid at the bases of both 
lungs The abdomen was distended with fluid , no organs could be felt, even after 
paracentesis The patellar and achilles reflexes were absent Slight pressure on 
the prostate produced mucopurulent fluid at 4;he urinary meatus The urine and 
purulent prostatic fluid were loaded wuth pus and contained numerous intracel- 
lular and extracellular gonococci An examination of the blood showed a moderate 
leukopenia with a normal differential count The Wassermann test of the blood 
was negative, but the Kahn test w'as reported 2 plus The nonprotem nitrogen of 
the blood w'as 44 8 mg per hundred cubic centimeters Fluid having the charac- 
teristics of transudate, with a specific gravity of 1 010 and a negative Wassermann 
reaction, w'as remo^ed from the abdomen and chest in amounts of 4,000 and 1,400 
cc , respectivelv A lumbar puncture gave negative results, including the Wasser- 
mann reaction The rose bengal test for hepatic function showed a retention of 
95 per cent of the dje at the end of eight minutes, and 83 per cent at the end of 
sixteen minutes A modified dextrose tolerance test gave a normal curve with a 
blood sugar of 83 mg per hundred cubic centimeters at the end of three hours 

Tw'o wrecks after the first paracentesis, the abdomen was again distended wuth 
fluid At this time the patient vomited about 250 cc of dark red blood, and a few 
minutes later also passed blood by rectum Three days later, he failed to urinate 
for tw'enty-four hours Since multiple strictures of the urethra made catheteriza- 
tion impossible, suprapubic C3^stotomy w^as performed, but only 60 cc of urine was 
found in the bladder Five hours after the operation, the patient died with evi- 
dence of another esophageal hemorrhage During his stay in the hospital he w'as 
afebrile 

The mam clinical diagnosis w'as portal cirrhosis of the liver At autopsy, per- 
formed bj' Dr J F Rinehart, the liver w'as found to weigh 1,090 Gm Its 
surface was strikingly nodular and granular, having a greenish-yellow appearance 
klicroscopically (fig 1), it show'ed a marked fibrosis of irregular distribution and 
adenomatous areas of hepatic cells The h 3 'aline droplets described in alcoholic 
cirrhosis b 3 ' HaIlor 3 '’ w'ere not seen The kidneys w'ere essentially normal 

The mam pathologic diagnosis was toxic cirrhosis of the liver 
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Case 2 — An Irish crane operator, aged 45, entered the University of California 
Hospital on June 8, 1929 He had been well up to three weeks before admission 
when general malaise and anorexia developed A few days later the patient noticed 
a gradually increasing yellow discoloration of his skin, accompanied at times by 
sensations of fever At the same time his stools became light, and the urine 
assumed a very dark color Five daj's prior to entry, swelling of the ankles and 
abdomen appeared 



Fig 1 (case 1) — Section of the liver showing marked fibrosis of irregular dis- 
tribution and adenomatoid areas of hepatic cells , X 22 


On physical examination, the patient presented a picture of deep icterus He 
had bilateral ptosis of the upper eyelids, more marked on the right The diaphragm 
was high, and there were signs of congestion at the base of the right lung The 
abdomen was moderately distended, and no organs were felt There was moderate 
edema of the lower extremities The blood showed a leukocytosis of 11,400 with 
76 per cent of polymorphonuclear neutrophils The Wassermann and Kahn tests 
of the blood were negative The icterus index was 190 In the urine were found 
much bilirubin and some urobilin The stools were light brown Three days after 
entry, the patient developed signs of fluid in the abdomen, which was tapped, and 
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2,200 cc of fluid was obtained The ascitic fluid was a typical transudate with a 
specific gravity of 1 008 and a negative Wassermann reaction A modified dextrose 
tolerance test showed a normal blood sugar curve with the reading of 122 mg per 
hundred cubic centimeters at the end of three hours The rose bengal test for 
hepatic function was not done m view of deep jaundice In the hospital the 
patient grew rapidly worse and, passing through a delirious stage, died on the 
sixth day in coma There was a terminal rise of rectal temperature to 88 5 C 
(1013 F) 



Fig 3 (case 2) — Section of the liver taken from the red marginal zone and 
showing complete parenchj^matous destruction with remaining bile ducts , X 48 


The mam clinical diagnosis was cirrhosis of the liver (nature undetermined), 
vith cholemia 

At postmortem examination, performed by Dr J F Rinehart, the liver was 
found to be very small, weighing only 840 Gro Scattered over the surface were 
small, graMsh, elevated nodules (fig 2) On section, the right lobe of the liver 
showed a narrow marginal zone of red tissue containing minute graj”^ areas The 
central portion of the liver w'as composed of greenish regenerated tissue having a 
nodular arrangement Most of the left lobe consisted of dense red tissue , but it, 
too, contained nodules of regenerated parenchj'ina 




Fig 2 (case 2) — The red marginal zone of the liver shows complete paren- 
chjmatous destruction The central bile-stained portion of the Iner represents 
regenerated hepatic tissue without lobular arrangement 
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Under the microscope, the red marginal zone (fig 3) showed complete paren- 
chymatous destruction, but the framework with its portal spaces and central veins 
remained Tissue from the central portion of the liver (fig 4) showed hyper- 
plastic nodules of regenerated parenchyma in which lobular arrangement was 
entirely lost These nodes of varying size were separated by bands of fibrous 
tissue Biliary stasis was distinctly shown in the canaliculi near the margin of the 
nodules 





Fig 4 (case 2) — Section of the liver taken from the central portion of the 
In er and showing regenerated parenchyma without lobular arrangement , X 48 


The principal pathologic diagnosis was subacute atrophy of the liver with 
regeneratne hyperplasia and early toxic cirrhosis 

Case 3 — A chorus girl of Norwegian extraction, aged 17, was admitted to the 
University of California Hospital on Jan 15, 1929, with complaints of jaundice and 
amenorrhea Late menstruation and sterility were characteristics of the female 
members of her father’s family During the past three years, the patient had four 
or five attacks of jaundice with chills, fever, marked abdominal distention and 
nausea The two last attacks were also associated with sharp pains in the right 
upper quadrant At the time of entry, she had had generalized abdominal pain 
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and tenderness for one month and distention for two months During the past 
jear, the patient had epistaxis two or three times weekly In her occupation she 
used as a whitening substance, a toilet preparation, “Shady Glen,” all over her 
body several times a day, instead of once as did the other chorus girls, because 
this compound underwent greenish-blue discoloration on her skin On physical 
examination, she showed moderate icterus and some girdle obesity The edge of 
the liver was tender, and the spleen extended 3 cm below the costal margin The 
breasts and genitalia were infantile The blood showed moderate secondary 
anemia, with a reticulated cell count of 1 5 per cent The Wassermann and Kahn 
tests of the blood were negative Repeated fragility tests showed normal resistance 
of erjthrocytes The icterus index varied between 15 and 25 A qualitative 
van den Bergh test gave a delayed direct reaction The urine contained some 
urobilin, but no bilirubin During her stay in the hospital she was afebrile and 
there was some improvement 

The main clinical impression at this time was acquired (Hayem-Widal) type 
of hemolytic icterus 

Two months later the patient reentered the hospital because of an attack 
similar to the first The physical examination gave the same results, except for 
signs of fluid in the abdomen which proved to be a transudate with a specific 
gravity of 1 010 A rose bengal test for hepatic function showed 100 per cent 
retention of the dye A modified dextrose tolerance test indicated moderate 
impairment of carbohydrate metabolism with a blood sugar level of 52 mg per 
hundred cubic centimeters at the end of three hours 

This new evidence of severe hepatic damage was interpreted as favoring a 
diagnosis of Banti’s disease with secondary cirrhosis For this reason splenectomy 
was performed At operation, the liver was found to be very small and contained 
large nodules of regenerated tissue, some of which were almost pedunculated 
Microscopic examination of an excised wedge of hepatic tissue (fig 5) showed 
fibrous tissue infiltrated with lymphocytes and adenomatous nodules of hepatic 
cells lacking normal architecture 

The pathologic diagnosis Avas cirrhosis of the liver, toxic m origin, Avith secon- 
dary splenomegaly 

Since her discharge from the hospital, the patient has been in fairly good condi- 
tion provided she is relieved everj”^ two to three Aveeks of about 7 liters of ascitic 
fluid Seven months after the patient’s second hospitalization, both tests for 
hepatic function Avere repeated On this occasion, the rose bengal test shoAved a 
retention of 92 per cent of the dye at the end of eight minutes, and 84 per cent 
at the end of sixteen minutes The modified dextrose tolerance test gave a normal 
blood sugar curve Avith a terminal blood sugar level of 79 mg per hundred cubic 
centimeters of blood 

COMMENT 

The clinical diagnosis in the first reported case was portal (Laen- 
nec’s) cirrhosis of the liver Marked retention of rose bengal dye was 
entirely in keeping with this diagnosis, but the normal response to the 
modified dextiose tolerance test was contrar)'- to my previous experience 
Avith patients having portal cirrhosis When the patient died the oiig- 
inal pathologic diagnosis also Avas portal cirrhosis All steps of the 
modified dextrose tolerance test were retraced, but no mistakes in technic 
Avere discoA^ered, and the discrepancy could not be accounted for 



ALT HAUSEN— REGENERA7 ED HEPATIC TISSUE 


673 


Seveial months latei, the patient in case 2 was seen, and a clinical 
diagnosis of choleniia due to cinhosis of uiidetei mined natuie was made 
The rose bengal test m this case was supcifluous because of the piesence 
of deep jaundice, which is always accompanied by retention of the dye 
loughly 111 piopoition to the degree of jaundice A modified dextiose 
toleiance test was pei formed, and, contiaiy to expectation, indicated 
noimal caibohydiate metabolism Postmoitem examination levealed 
subacute atiophy of the liver with regeneiative hypeiplasia and early 
toxic cirrhosis 

The appeal ance of the hvei which, as shown in figuie 2, consisted 
mostly of newly legenerated, bile-stained tissue, suggested that the con- 
tiast between clinical cholemia and a noimal carboh 3 '^diate metabolism 
may be explained on the basis of the new hvei cells having no connection 
with the biliary tree If this were correct, the liver would be seveiely 
handicapped m the perfoimance of its excretory functions At the same 
time, the new tissue having an effiaent circulation of blood would be 
capable of peifonning its metabolic functions and among them those of 
glycogenesis and glycogenolysis 

Microscopic examination of tissue from various parts of the liver 
confirmed this hypothesis by showing complete destiuction of paren- 
chyma in the red marginal zone (fig 3) and biliary stasis and absence 
of lobular arrangement in the hyperplastic nodes of legenerated cells 
(fig 4) The bile-stained appearance of the new hepatic tissue in toxic 
cirrhosis and the apparent lack of biliary capillaries in the hyperplastic 
nodules were mentioned by Mallory,^ who was the first to desciibe this 
type of cirrhosis, iscnbing it to repeated attacks of subacute yellow 
atrophy of the liver More recently, the same features were emphasized 
by Pratt and Stengel, ° and by Connor ® 

Since the foregoing observations brought into harmony all clinical 
and laboratoiy data m the second case, at fiist so puzzling, the necropsy 
mateiial of the first case was reviewed (fig 1) with the result that the 
pathologic diagnosis was changed from portal to toxic cinhosis of the 
liver 

The third patient, who foitunately is still alive, furnished one more 
aspect of the unfolding panorama of functional hepatic legeneration in 
toxic cirrhosis The first clinical diagnosis in this case was acquiied 
hemolytic icterus (Hayem-Widal type), which was later changed to 

4 Mallory, F B Cirrhosis of the Liver Five Different Types of Lesions 
from which It May Arise, Bull Johns Hopkins Hosp 22 69 (March) 1911 

5 Pratt, J H, and Stengel, A Toxic Cirrhosis Resulting from Acute Lner 
Atrophy, Tr A Am Physicians 41 100 (May) 1926 

6 Connor, C L Toxic Cirrhosis of the Liver, Canad M A J 17 546 
(May) 1927 
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Banti’s disease The rose bengal test showed complete retention of the 
dye in the blood stream, indicating total loss of permeability on the part 
of the liver On the other hand, the modified dextrose tolerance test 
indicated only moderate disturbance of carbohydrate metabolism Dur- 
ing operation for removal of the spleen, advanced cirrhosis of the liver 
was discovered which, with the help of a biopsy specimen fiom the Inei 
(fig 5) was identified as belonging to tbe toxic gioup 



Fig 5 (case 3) — Section of biopsy specimen from the liver showing great loss 
of hepatic substance around an adenomatoid nodule of hjperplastic cells, X 48 

Seven months later both hepatic function tests weie repeated The 
lose bengal test still showed maiked, though not complete, failure in 
the excretion of dye, but the modified dextiose tolerance test this time 
gave a normal blood sugar curve This patient demonstrated that during 
the acute stage of toxic cirrhosis of the liver, both the excretion of dj^e 
and the regulation of the carbohydrate metabolism are impaiied, tbe 
foimer much more than the latter probably because legeneiation in the 
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Inei IS taking place simultaneously with necrosis, though not keeping 
pace with it On the contraiy, in the chionic stage regeneiation of new 
hepatic cells predominates and the metabolic functions of this organ 
pioceed in a noimal manner 

It IS significant from the point of view of establishment of propei 
diainage of bile of the new hepatic tissue that seven months after the 
acute attack, when sugar metabolism had returned to noimal, grave 
impairment of the excretion of dye, comparable in its severity to that 
m the two fatal cases, still existed 

Whethei excretory channels ever become available to regenerated 
parenchyma in toxic cirrhosis of the liver is an mteiestmg question 
that I hope to be able to answer by following the third patient longer 
The slight letuin of the ability to exciete dye observed in this case so far 
does not piove anything, because it can be accounted for by subsiding 
inflammation and edema which accompany neciotic processes and which 
would contiibute to retention of dye duiiiig the acute stage 

The piesent work makes possible clinical ditf ei entiation between 
toxic cirrhosis of the liver and a numbei of othei conditions, principally 
poital ciirhosis, by demonstiating in the foimei noimal caibohydrate 
metabolism and at the same time marked retention of dye 

The difficulties of diagnosis in this disease are evident A historj 
of intermittent jaundice appeals to be the only diffeiential symptom of 
value in toxic cirrhosis, and this featuie is not a constant manifestation, 
appealing only once in the tliiee cases heie leported In none of these 
cases was the diagnosis made clinically, although opinions weie given by 
seveial competent consultants The same is true of the cases leported 
by Connor" Any test, therefoie which will assist in the diagnosis of 
toxic cirrhosis will probably find a wide field of usefulness in the study 
of diseases of the liver 

SUMMARY 

1 In toxic cirrhosis of the liver, vigoious legeneiation of tissue 
maintains the carbohydrate metabolism-regulating function and piobably 
othei metabolic activities of this oigan 

2 Owing to a loss of the original structuie of the li-ver m this disease, 
the new hj^perplastic nodules lack connection with bile channels, account- 
ing in this manner for marked impairment in the excretion of dye 

3 This information can be utilized by the clinician for dififerential 
diagnosis of toxic cirrhosis of the liver by the use of two suitable tests 
of hepatic function 

7 Connor, C L Personal communication 



NORMAL ASYMMETRY AND UNILATERAL 
HYPERTROPHY 

GEORGE HALPERIN, MD 

CHICAGO 

The question of bilateral asymmetry of the human body has been 
the subject of numerous investigations and researches on the part of 
anatomists, anthropologists and aicheologists of the past century As 
a lesult of exact measuiements taken from a great numbei of cadav- 
ers and living subjects, it has been established that the two halves of 
the body in the human species, as well as in the higher veitebrates, are 
in reality nevei symmetrical This fact being established, a more 
detailed stud}'- of vaiious asymmetries followed 

Meckel ^ was the first anatomist to treat the subject in a scientific 
manner Various asymmetries and their physiologic significance were 
exhaustively treated by von Bardeleben ^ in a paper presented by him 
before the Anatomische Gesellschaft in 1909 A French investigator, 
Richard Liebreich,^ made a most painstaking study of skulls and faces of 
vaiious races and various periods In contradistinction to the well- 
known views of Lombroso and Nordau, Liebreich reached the con- 
clusion that asymmetry of the skull and face is a constant and 
characteristic feature of the human species He found that Negroes 
piesented less asymmetry than white persons, and that generally speak- 
ing the higher the scale of civilization the more pionounced was the 
facial asymmetry 

It IS now common knowledge that the left cerebral hemispheie, the 
left half of the skull and the left side of the face are larger than those 
of the right The left frontal bone is better developed and projects 
furthei forward The left cheek and the left half of the lowei jaw 
aie moie prominent On the other hand, the right halves of the 
vertebral bodies, as well as the ribs of the right side, are laiger than 
those of the left In at least 70 per cent of cases, the right half of 
the sternum is laiger than the left Measurements of the bones of 

Submitted for publication, Jan 7, 1931 

1 Meckel, J F Ueber die seitliche Asymmetric im tiereschen Korper, 
Anatomische phj siologische Beobachtungen und Untersuchungen, Halle, Renger, 
1822, p 147 

2 Aon Bardeleben, Karl Ueber bilaterale As 3 TOmetrie beim Menschen und 
bei lioheren Tieren, Verhandl d anat Gesellscli, Jan 23, 1909, Anat Anz 34 2, 
1909 

3 Liebreich, Richard Die Asj'mmetrie des Gesichtes und ihre Entstehung, 
Munich, J F Bergmann, 1908 
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the uppei extremities demoiistiate that the bones of the right side are 
somewhat longei and slightly thicker than those of the left The 
length of the right upper extiemity ma}^ exceed that of the left by 
1 cm , or even by 2 cm 

The situation is leversed for the lowei extremities, the left leg 
more often being longer and strongei than the right, an instance of 
crossed asymmetiy Cox'^ found that in living subjects the difference 
in the length of the lowei extremities amounted to from one eighth to 
seven eights of an inch, and that the left extremity was moie often the 
longest That the pelvis is practically never symmetrical is well known 
to obstetricians and oithopedists 

The right ear and the right e 3 'e are moie often a few millimeters, 
and even a centimetei, highei than the left The two nipples aie never 
at the same level oi at the same distance fiom the median line The 
right nipple is always a little higher The two breasts are never at 
the same level, the left usually being the larger The so-called median 
line, because of in egularities m the size of the two halves of the neck 
and the thorax, is in reality never m that position The sculptors of 
the best peiiods of ancient Greece and Rome were apparently aware 
of this natural asymmetry The heads and bodies of their statues 
weie distinctly asymmetrical, which suggests that they modeled after 
living subjects rather than after some formula The anatomists did 
not become aware of this fact until a century ago 

Fiom a physiologic standpoint the most interesting asymmetries 
are those of the skull and face and of the preponderant i ight-handed- 
ness 

So far the discussion has been concerned with what may be termed 
noimal asjmmetry It is not usually apparent and must be established 
by exact measurements On the other hand, gross asymmetry, which 
IS at once peiceptible to the eye, even of any part, is rare, a decided 
inequality of the two halves is exceedingly rare It is referred to m 
the literature as unilateral hypertrophjq hemihypertrophy, congenital 
hemihypertrophy, heniimacrosomia and partial gigantism It consti- 
tutes the rarest of all developmental anomalies and has given rise to 
much speculation as to its etiology The enlargement is more than 
hypertrophy, it really amounts to mild gigantism In more than half 
the cases, along with the anomaly of growth, there are other congenital 
defects and degeneratn e stigmas, such as telangiectases the early 
appearance of varicose veins, thickening of the skin S} ndactyhsm, 
clubbed feet and mental defect 

4 Cox, W C On the Want of S 3 TOmetry in the Length of Opposite Sides 
of Persons Who Have Never Been the Subject of Disease or Injurj to Their 
Lower Extremities, Am J M Sc 69 438, 1875 
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AbTHOR’s CASE 

Histoiy — The patient, aged 23, was admitted to the surgical service of Cook 
County Hospital on Aug 5, 1930, with a condition diagnosed as bleeding hemor- 
rhoids He was born in Italy His mother had noted his asymmetry shortly after 
birth There w'ere sik brothers and two sisters, all of whom did not present 
abnormalities The mother and father were normal The family history was 
irrelevant The patient remembered having had scarlet fever during his child- 
hood At the age of 16 he had noticed varicose enlargements on the right leg 
At the age of I 8 V 2 he was operated on for varicose veins of the right leg Two 
jears later he had noticed the appearance of new varices on the right leg and 
thigh The extremity began to increase m size At about the same time epileptic 
fits developed The attacks were always nocturnal and w’ere not accompanied 



Fig 1 — The patient’s hands, showing the gigantic proportions of the left one 


bj involuntary defecation or urination His body was rvell developed He w'as a 
laborer and had alwavs enjoyed good health He was not married, but his libido 
and potence were normal 

Physical Examination — The patient presented a striking asymmetry, the left 
side being markedl} larger than the right The crown on the left side was higher, 
and the forehead projected further forward The left cheek, nostril, lip and ear 
were larger than those of the opposite side The median raphe of the face was 
displaced to the right side The left half of the jaw was longer and more rounded 
and projected farther forward The tongue consisted of a delicate right half and 
a much larger, thicker and longer left half The left tonsil was larger than the 
right 

The left upper extremity was longer and larger than the right The difference 
in the size of the two hands was striking He could lift more with the left 
though he nas right-handed The left hand, shown in figures 1 and 2, was of 
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gigantic proportions With the patient lying down, it was at once evident that the 
left lower extremity was longer than the right Both feet were unusually large 
The right was much thicker than the left, however, this was apparently due to 
edema caused by enormous varices Examination of the accompanying photographs 
gives the impression that the man was formed by the union of two halves from two 
persons of different size and length 

In addition, a supernumerar}' nipple was noted 6 cm below the right nipple 
Scattered over the skin of the abdomen, both lower extremities and the entire 
back were small and large patches of portwine-stained telangiectases There was 



Fig 4 — Appearance of the patient 


a long operatue scar on the inner surface of the right thigh, and two longer scars 
on the leg The right extremity also presented unusually large varices The 
genitalia were uell developed, the left scrotal sac hanging much lower than the 
right 

Roentgen examination of the skull revealed a perfectly normal, rather small, 
well outlined sella turcica with normal chnoid processes 

The blood pressure on the right side was 100 sj'stolic and 70 diastolic, on the 
left, 108 systolic and 80 diastolic The mentality was normal 

Anih) opomcUic Measwemenis — ^The upper extremities, from the tip of the 
acromion to the stjdoid process of the radius, measured right, 52 cm , left, 56 cm 
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The circumference of the thorax at the level of the nipples measured right 
half, 42 cm , left half, 46 cm 

The lower extremities, from the superior anterior iliac spine to the inferior 
aspect of the internal malleolus, right, 85 5 cm , left, 89 5 cm 

ETIOLOGY OF CONGENITAL IIEMIHYPERTROPIIY 

That the incidence of this anomaly is extremely raie can be seen 
fiom a survey of the hteratme In 1869, Trelat and Monod,° in an 
exhaustive paper, were able to collect eleven cases Gesell,® m a. caie- 
ful review of the literatuie to 1921, gathered forty cases of total hemi- 
hypertrophy In 1927, he was able to add thirteen to this number, 
making a total of fifty-three cases Analysis of these cases reveals a 
slight prepondei ance of males and a slight preference for the right 
side All cases were of congenital origin, the anomaly having been 
noted immediately or shortly after birth Heredity appears to have 
no part in the production of the anomaly, to the contrary, the absence 
of hereditaiy influences is conspicuous 

Information gained from a few postmortem examinations is more 
or less negative Cagiati,^ in a postmortem study of a typical case 
111 a child 2^ years of age, leported the absence of any abnormality in 
the nervous system The changes consisted of a hypertrophy of the 
connective tissues, the bones and the blood vessels of the affected 
side Practically, the same findings were reported by Arnheim,® Horn- 
stem ® and Hoffman The blood vessels of the involved side were 
largei and showed particularly hypertrophy of the tunica media and 
the tunica intima Cagiati concluded that the condition is a unilateral 
hypertrophy of unknown cause, involving the tissues derived from 
the mesenchymal layer The enlargement of the blood vessels and the 
frequent occurrence of vascular abnormalities, such as nevi and telan- 
giectasias, led some investigators to believe in a vascular origin of the 
disturbance The theory is inadequate, because only about half of 
the cases show these vascular abnormalities, and the latter are not 

5 Trelat, U , and Monod, A De I’hypertrophie unilaterale partielle ou 
totale du corps. Arch gen de med 13 536, 1869 

6 Gesell, Arnold Hemihypertrophy and Mental Defect, Arch Neurol & 
Psychiat 6 400 ( Oct ) 1921 , Hemihj'pertrophy and Twinning, Am J M Sc 
173 542, 1927 

7 Cagiati, Luigi Klinischer und pathologischer Beitrag zum Studien der 
halbseitigen Hypertrophic, Deutsche Ztschr f Nervenh 32 282, 1907 

8 Arnheim, G Ueber einen Fall von congenitalen halbseitiger Hypertrophic 
mit angeborenen Bronchiectasien, Virchows Arch f path Anat 154 300, 1898 

9 Hornstem, S Em Fall von halbseitigem Riesenwuchses, Virchows Arch 
f path Anat 133 440, 1893 

10 Hoffman, Max Zur Pathologic des angeborenen, partiellen Riesenwuchses, 
Bietr z klin Chir 43 391, 1906 
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necessarily confined to the h3^pertrophied side It is more probable that 
the blood vessels share m the general hypertrophy 

In a case reported by Hutchison/^ with postmortem obseivations 
by Turnbull, the latter concluded that the enlargement was caused hy 
the obvious h3^pertrophy of the right supiarenal gland, the left appar- 
ently being of normal size He also thought that the light testis was 
abnormally large It is apparent that not much light has been shed 
b3'' postmortem studies 

Gesell’s speculations are interesting He considered hemihyper- 
trophy an at3pical or impel feet form of twinning By twinning is 
understood the production of equivalent structures by division The 
tendency to bilateral equivalence, to symmetry or to mirror imaging 
is one of the fundamental laws in biology Hemihypertrophy appears 
to be “a piofound inaccuracy in the natural process of developmental 
duphcit3'^ ” Gesell defined it as a mild unilateral gigantism of a person 
whose lesser somatic half is normal 

The damage oi some abnormal stimulus to one half of the soma 
must take place eaily in embryonic existence Important contribu- 
tions to the solution of this biologic riddle should come from the 
fields of experimental embryology and teratology 

An attempt has not been made to review all the papeis published 
or to mention all of the cases, since that has already been done I 
wish, howe-vei, to add two cases to the list collected by Gesell They 
have not been mentioned in any of the important contributions, because 
they were published under the title of “Asymmetry” and not of “H3 per- 
trophy ” I have reference to the cases of Humphie3’'^“ and Wachs- 
ner 

25 East Washington Street 

11 Hutchison, Robert Hemihypertrophy with Postmortem, Brit J Child 
Dis 13 233, 1916 

12 Humphrey, G M Asymmetry of the Two Halves of the Body, J Anat 
& Physiol 6 226 (Nov ) 1869 

13 Wachsner Fritz Zur Kenntnis der bilateralen Asimmetrie des mensch- 
hchen Korpers, Berl khn Wchnschr 51 1953, 1914 
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INTRODUCTION 

While cases of total situs inversus have been lecognized since 
antiquity, isolated dextrocardia has been noted only m the past two 
centuries Despite its comparative rarity, an extensive casuistic liteia- 
tuie exists This type of dextrocaidia merits a comprehensive study, 
since it involves one of the most complex phases of cardiology 

The early contiibutions to the literature are mainly anatomic, the 
clinical reports being inadequate m the light of modern cardiologic 
methods The roentgenographic and electrocardiographic methods of 
examination have added precision to the clinical diagnosis of this 
anomaly The loeiitgeiiographic method peimits the differentiation of 
the congenital from the acquired types of dextroposition of the heait, 
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and total situs inversus fiom the isolated type The electrocardiographic 
method yields information concerning the inner topography of the heart 
Despite the increasing number of case reports, there are four that have 
been completely studied (Bahn, Pol, Plumier-Clermont , Biedeimann, 
Roslei, Spitzer) The present study, comprising two personal obser- 
vations and a critical analysis of the literature, aims to elucidate the 
anatomic, clinical, electrocardiographic and roentgenographic observa- 
tions in this type of dextrocardia 

DEFINITION 

By the term dextrocardia should be designated only those cases in 
which the heart, m its own development independent of disease and 
anomaly m surrounding structures, assumes a position in the right side 
of the thorax with the apex pointing to the right Its congenital nature 
IS obviously assumed ‘‘Dextroversio cordis” should, in my opinion, 
characterize those cases in which the displacement of the heart is depend- 
ent on a congenital or acquired extrinsic cause Differences in defini- 
tion and contradictory concepts of the different forms of dextrocardia 
prevail m the literature Nearest to the present interpretation is that 
of the French school (Clerc and Bobrie, Vaquez and Donzelot and 
others), which recognizes as dextrocardia or “dexiocaidie” every pri- 
mary congenital displacement of the long axis of the heart to the right, 
as opposed to “dextroversio cordis” applied to every acquired dis- 
placement of the heart to the right side with the apex to the left due 
to extracardiac causes Vaquez and Donzelot recognized a congenital 
dextroversion 

The “ideal” dextrocardia is defined by Foggie as the mirror-image 
of the normal heart as it is found in situs inversus The term dextro- 
caidia IS used by some German writers (Herxheimer, Monckeberg, 
Peinkopf) to denote only the type associated with inversion of the 
chambers of the heart, while the terms “dextropositio cordis” (Pern- 
kopf) and “dextroversio cordis” (Paltauf, Pal, Monckeberg, Romberg, 
Jones, Vaquez and Donzelot and others) are reserved for the right- 
sided heart with normal relationship of its chambers — the former term 
foi displacement of the heart in toto, the latter for the mirror-image 
displacement of its axis The heart with normal architecture is, accord- 
ing to Nagel, a “genuine dextrocardia ” Kundrat reserved the term, 
“transpositio cordis” for proved cases of transposition of the heart or 

Mv definition allows for Spitzer’s new concept of the term “dextroversio ” 
According to him, its characteristic is the inverse direction of the axis which is 
not the result of mirror-picture architecture of the heart but of gross pathologic 
causes Some cases (Rosler’s case 1) of “larvierte” inversion must be taken from 
the group of dextroversions and included in the group of dextrocardias (when the 
apex of the heart lies to the right) 
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Its individual parts and “dextrocaidia” for unpioved cases of right-sided 
heait In its bioadest sense the term dextrocardia is used to include 
every dexti oposition of the heart, acquiied or congenital (Mandelstainm 
and Reinberg) Rosier likewise in this libei al sense stated that the term 
should not convey more than the mfoimation that the gi eater pait of 
the heait lies in the right side of the chest 

The merit of the terms as defined by me lies in the difierentiation 
of the primary idiopathic t5^pe from the secondary type of cardiac dex- 
troposition on a puiely embr3mlogic basis, eliminating from the categoiy 
of dextroversio cordis those cases of pi unary dextrocardia with normal 
relationship of the chambers, the mechanism of whose pathogenesis is 
obviously different from those dependent on extracardiac causes 

By the term “isolated” dextrocardia is meant heterotaxia of the heait 
alone with normal position of all other viscera (Foggie, Geoffrey St 
Hilaire) Hitherto a difference in concept has existed, the term “pure” 
dextrocardia having been used synonymously with “isolated” (Vaquez 
and Donzelot, Clerc and Bobrie, Nagel, Pal) By otheis, “pure” has 
been employed to signify an “uncomplicated” mirror image dextrocardia 
(Blumenfeldt) Graanboom used pure in the sense of an uncomplicated 
isolated dextrocardia 

Dextrocardias are considered “complicated” or “uncomplicated,” 
depending on whether cardiac malformations accompany the anomalous 
position of the heart The proposal to limit the term “isolated” to 
“uncomplicated pure” cases (Clerc and Bobne, Vaquez and Donzelot) 
IS not warranted 

REPORT OF CASES PERSONALLY OBSERVED 

Case 1 — Histojy — T R, aged 19 years, single, a telephone operator, was 
admitted to the Mount Smai Hospital on May 25, 1928, to the dermatological 
service of Dr Hermann Goldenberg, who gave me permission to report the case 
The presence of the dextrocardia was discovered by the ward physician, Dr L R 
Tuchman, in the course of a routine examination The patient had been referred 
to the hospital for the treatment of an eruption on her face and arms of three 
years’ duration Her father was alive and well , her mother died of infiuen7a in 
1918 A sister and brother were well So far as she knew, no member of her 
famil}’- suffered from cardiac trouble or anomaly of the position of the heart 
There was no history of consanguineous marriage in the family As a child she 
suffered from scarlet fever and measles Six years before admission to the hos- 
pital, her tonsils were removed There was no previous history of pleurisy or 
pneumonia She had frequent colds in the winter One year before admission, 
she lost her voice for six months due to laryngitis She had never had hemopty- 
sis She had frequent headaches at the end of the working day At the age of 
4, she became aware that her heart beat on the right side At the age of 8, she 
was restricted in her activities because of pain in the cardiac region on exertion 
Cyanosis was not noticed at this time, but the fingers sometimes became blue, 
the lips were not noted Ordinarih'- she had slight dyspnea on exertion There 
was no history of rheumatic fever, pains in the muscles and joints or chorea 
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There had ne^er been anj swelling of the lower extremities The menses, which 
began at 13, were regular with no dysmenorrhea The patient w^as moderateh 
obstipated Three years before admission, an eruption appeared on the dorsum 
of the right arm up to the level of the elbow Despite topical and roentgen treat- 
ment for a 3 ear and a half, the lesion persisted Then the face became involved, 
especially the cheeks, forehead and ears The lesions w^ere better in summer than 
m winter 

Physical Examination — The stature and w^eight of the patient were normal for 
her age On her face W'ere impetiginous areas, crusted over wnth yellowisn 
exudate and with an inflammatory reddened base The forehead W'as covered with 
lesions similar to those of the face except that there was less exudate The lips 
w'ere reddish in color, not blue or pale There was no adenopathy Intranasal 
examination indicated the presence of bilateral disease of the ethmoid Examina- 
tion of the lungs revealed no abnormalities There w'ere no rales at the bases of 
the lungs 

Heart The apex beat w'as in the fifth intercostal space, 6 cm to the right 
of the midline The right border of cardiac fulness was 3 cm to the right of 
the midline in the second space, 5 cm m the third space and 5 cm in the fourth 
space The left border w'as inside the left sternal margin in the second and third 
intercostal spaces and just to the left of the sternal margin in the fourth intercostal 
space The heart sounds w'ere of good quality There was a short rasping sys- 
tolic murmur heard over the entire precordium No thrill was felt There was a 
pulsation systolic in time in the third and fourth right intercostal spaces near the 
sternum There was a rough systolic murmur in this area especially, besides the 
one over the apical region The second sound w'as short and snapping The 
cardiac sounds w'ere also audible to the left of the sternum, but they w'ere not 
as loud 

Examination of the extremities showed moderate clubbing of the fingers There 
was no cj'anosis and no edema of the extremities 

Abdomen The liver was not palpable There was dulness m the right hypo- 
chondriac region A tympanitic note was heard in the left upper quadrant The 
abdominal aorta pulsated to the left of the vertebral column 
Skeletal There w'as slight scoliosis of the thoracic spine 
Laboi atoi y Examination — The Wassermann reaction of the blood was negative 
■\nalj SIS of the blood show'ed urea, 13 mg , cholesterol, 160 mg , and sugar, 73 
mg per hundred cubic centimeters of blood The basal metabolic rate w'as minus 
12 and minus 15 per cent 

Roentgenogi aplnc Examination — Fluoroscopy was done on No^ 30, 1928 The 
right border of the heart w'as rounded, but the apex was not definitely found 
The aortic arch was partially to the left of the sternum The retrocardiac space 
was seen in the second oblique position The arch of the aorta w'as visualized m 
the right first oblique position, corroborated in the posterior anterior view The 
Iner and stomach w'ere in their usual position (fluid level and carbon dioxide 
inflation by compound effervescing powder, U S P ) 

X-Raj Plate of Chest The heart (fig 1) was completely transposed to the 
right side of the chest The right border of the heart was rounded There was 
no abnormalitj' m the thoracic wall, other viscera or the pulmonar}' fields to 
account for the abnormal position of the heart The aortic arch crossed the left 
bronchus The right leaf of the diaphragm was lower than the left 

EIccti ocai diogi aphic Examination — ^The tracing (fig 2) show'ed a lery low' 
P wa\e m\ersion of the T w'ave and an upright QRS complex m lead I T2 w'as 
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slightly inverted Leads II and III -were not interchanged There was no \en- 
tncular predominance There was normal sinus rhjthm 

Diagnosis — Isolated mirror-picture dextrocardia, defect of the interventricular 
septum , generalized neurodermatitis and bilateral ethmoiditis w'erc diagnosed 
Coiuse — The patient continues to work as a telephone operator and has been 
well except for the condition of her skin, for the treatment of which she returned 
to the hospital in June, 1929 At that time the foregoing diagnosis were reaf- 
firmed The cardiac symptoms remained unchanged 

Comment — The congenital nature of this case is beyond doubt, the 
dextrocardia was lecognized at the age of 4, and some transitory limi- 
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Fig 1 (case 1) — Roentgenogram of chest showing position of the heart 

tation of physical activities at the age of 9 due to cardiac symptoms 
The patient now works and lives a normal life The dextrocardia was 
recognized incidentally, the patient seeking lelief for a cutaneous dis- 
ease The associated caidiac malformation is likewise undoubtedly con- 
genital m nature The absence of frank cyanosis and a thrill argue 
against the presence of a pulmonary stenosis The aorta crosses the 
left bronchus and descends on the left side of the vertebral column The 
abdominal organs occupy then noimal position The loentgenogram of 
the chest shows clear, pulmonary fields The right leaf of the diaphragm 
is lower than the left The veiy Ion P wave and the inversion of the 
T wave in the first lead of the electi ocai diogram suggests the possi- 
bility of inversion of the chambeis of the heait The upiight ORS 
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complex in lead I would indicate that the greatly hypertrophied trans- 
posed “right’ ^entrlcle, now on the left side, distorted the electrocar- 
diogram This \iew IS suppoited by the electrocardiogi aphic and 
anatomic evidence in the case of Abbott and Moffatt, the electrocardio- 
gram and roentgenogram of which are here reproduced (figs 3 and 4) 
In this case a mirror-picture dextrocardia occurring in a partial hetero- 
taxia was found, and was diagnosed ultra vitam by the roentgenogram 
and the electrocardiogram The P and T waves m lead I were inverted, 
and the QRS was upright instead of the familiar inversion of all the 




Fig 2 (case 1) — Leads I, II, III from above downward 


mam deflections always found in this lead in cases of uncomplicated 
mirror-picture dextrocardia Anatomically, a markedly hypertrophied 
transposed “right” ventricle and an aplastic transposed “left” ventricle 
weie found My case, that of Abbott and Moffatt, the following case 
and other cases to be cited subsequent!}'- (cases under “Unusual Findings 
in Dextrocardia,” second installment of article) stress a new phase 
of the interpretation of the electrocardiogram in cardiac conditions asso- 
ciated vith simultaneous displacement of the cardiac axis, alteration of 
the inner topography of the heart and cardiac malformation and disease 

Case 2 — Hisfoiy — A H, aged 43, married, an upholsterer, was admitted to 
the outpatient department of the Mount Smai Hospital on Oct 17, 1927, where I 
obseri ed him He complained of pain on urination and occasionally inability to 
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pass urine He had a daughter 19 years old (right-handed) and another 6 a ears 
old (left-handed) , both Avere aa'cII, and \A'ere not knoAA'n to haAe malposition of 
the heart A son of 14 years (right-handed) AA^as found to have a normally situ- 
ated heart The patient’s Avife A\as Avell, and her heart AA^as in its normal position 
There Avas no family history of consanguineous marriage The patient suffered 
the usual diseases of childhood There Avas no history of pleurisy or pneumonia 
He alAvays enjoyed good health Three years before admission, he had attacks 
of pain in the left loin He Avas unable to pass urine and had to be catheterized 
He had never had influenza He had never noted or been informed by a physician 
of displacement of his heart He Avas a heavy smoker and did not drink alcoholic 
beverages For three years before admission he had had a cough noAv and then, 



Fig 3 — Roentgenogram of chest in Abbott and MofTatt’s case 2 (Published 
for the first time, Avith permission of the authors ) 

Avith dark scant expectoration, occasionally blood-streaked He had noticed short- 
ness of breath on Avalkmg rapidly or climbing stairs At no time had he suffered 
an attack of syncope Three Aveeks before admission he again noted difficulty in 
urination accompanied by an attack of severe pain in the left side He AA^as cathe- 
terized The urine contained blood He passed small amounts of urine contain- 
ing blood AVith great pain 

Physical Examination — The patient A\as a robust man of medium height 
weighing 177 pounds (80 3 Kg) He had a peculiar pallor, but no evidence of 
cyanosis His eyes reacted to light and accommodation The tonsils Avere mark- 
edly hypertrophied His neck Avas short and stout He Avas hyposensitwe to pain 
(Libman’s test) He Avas right-handed 
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Chest The thorax was sj'mmetncal , resonance was normal throughout 
Tactile fremitus was more marked over the right side of the chest The expira- 
tory phase of respiration was prolonged There were numerous musical rales 
throughout both sides of the chest There were no moist rales to be heard at 
both pulmonary bases 

Heart An area of pulsation was -visible m the right sixth intercostal space 
10 cm from the midline, and the apex beat was palpable m this region There 
was no pulsation visible in the left side of the thorax On percussion, the heart 
was found to be enlarged The major portion of the area of cardiac dulness was 
in the right side of the chest, although a portion of the heart was found to the 



Fig 4- — Electrocardiogram in case 2 of Abbott and Moffatt Lead I, P and T 
imerted, upright, “Q” unusually deep, leads II, P and T inverted, upright, “Q 
unusually deep , lead III, P diphasic, upright, T upright, rhythm regular , normal 
conduction At necropsj^, a markedly hj'pertrophied transposed “right” ventricle 
and an aplastic transposed “left” ventricle were found (Published for the first 
time, with permission of the authors ) 

left of the sternum In the second intercostal space, the heait percussed 6 cm 
to the right and left of the midsternal line, m the third, 8 cm to the right and 7 
cm to the left , in the fourth, 10 cm to the right and 7 cm to the left, and in the 
sixth intercostal space 13 cm to the right of the midline Below, the area of 
cardiac dulness was continuous with the area of hepatic dulness 

The heart sounds were best heard m the right fifth and sixth spaces, although 
thej were also heard faintlv m the same spaces just to the left of the sternum A 
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soft systohc murmur was heard m the fifth and sixth spaces to the right and left 
of the sternum There was no palpable thrill The second sound in the second 
right intercostal space was louder than that m the corresponding second left inter- 
costal space When the patient was shifted, the area of cardiac dulness moved 
to the right or left 

The radial pulse was regular, the rate \ar 31 ng between 45 and 58 beats per 
minute on five different examinations There was no deficit of the pulse In the 
right arm, the blood pressure was 135 S 3 'stolic and 80 diastolic, and in the left, 125 
systohc and 60 diastolic There was only slight clubbing of the fingers 

Abdomen The liver was palpable one fingerbreadth below the right costal 
margin The abdominal aorta was not palpable The left testicle was lower than 
the right 

Laboiatoiy Exammations — Urinalysis showed the presence of albumin, numer- 
ous red blood cells, a moderate number of white blood cells and an occasional 
h 3 ’'aline cast The sputum contained no tubercle bacilli 

Roentgenogi aphic Exammation — Fluoioscop 3 " was done The examination of 
the chest was interpreted as follows The two main cardiac contours were the 
ventricles m their normal relationship, except that the right was huge and the left 
h 3 ^poplastic , the aorta was anomalous and small, the pulsations of the right and 
left cardiac borders were synchronous and regular , the auricles could not be 
identified (important m view of the presence of auricular fibrillation) The esopha- 
gus as outlined by barium sulphate appeared to be m its normal position and 
relation to the aorta (persistent right aortic arch ruled out) In the right oblique 
position, the retrocardiac space was not visualized , in the left oblique, it was, 
although in this view the arch of the aorta could not be definitely outlined The 
arch of the aorta was not visualized in the right oblique position either A vertical 
shadow above the left contour of the heart was considered as the descending aorta 
A shadow at the left leaf of the diaphragm adjoining the left cardiac border was 
not visualized The diaphragm moved freel 3 ’-, the right leaf being definitely lower 
than the left A barium sulphate meal showed the stomach and duodenum to be 
normal m position The liver was in its normal position 

X-Ray Plate A teleoroentgenogram (fig 5) showed the heart to be enlarged 
and to be situated almost entirelj'’ in the right side of the thorax except for a small 
portion to the left In contour, the heart was in mirror-image position to what 
it would be m the normal subject with definite hypertroph 3 ’- of the ventricle rep- 
resented by the right mam cardiac contour and that portion immediately above, 
which m a transposed normal heart would represent the left auricle The pul- 
monary arter 3 ’’ was now visualized The arch of the aorta crossed the left 
bronchus and descended on the left side of the vertebral column There were 
some infiltrations in both bases of the lungs probabb'' due to long-standing conges- 
tion or bronchiectasis Dr Harry Wessler assisted m the interpretation of the 
roentgenogram Examination of the urinary tract showed the presence of calculi 
in the region of both kidneys and one m the lower end of the left ureter about 2 
inches above the vesical orifice 

Elect! oca} dtogi apltjc Examiitatwn — The electrocardiogram (fig 6 ) showed 
ventricular rates of 45, SS and 52, respectn Ob'" Nov 2, 1927, Dec 15, 1927, and 
May 16, 1930, regular in leads I and II and slightly irregular in III Auricular 
fibrillation was noted In lead I, QRS was upright and T inverted QRS in leads 
II and III was upright The T waves were opposite the main deflections in all 
leads (v^entricular complexes were large and diphasic) The QRS interval mea- 
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sured 0 12 of a second Leads II and III were not interchanged Drs B S 
Oppenheimer, M A Rothschild, Hubert Mann and I R Roth aided in the inter- 
pretation of the electrocardiogram 

PoIygiapJiic Tiacing — The polygram made by Dr Hermann Mond showed a 
venous pulse characteristic of auricular fibrillation The A wave was missing, 
and a number of small irregular waves were visualized, “fibrillation waves ” The 
systolic collapse of the vein was well marked There was no sign of a tricuspid 
lesion The arterial pulse showed no abnormality 

Diagnosis — Dextrocardia without situs inversus of the ventricles, interventricu- 
lar septal defect, anomalous position of the great vessels with normal relationship 
to respective ventricles, auricular fibrillation, congenital complete heart block. 



Fig 5 (case 2) — Roentgenogram of chest showing position of the heart 

bradycardia (idioventricular rhythm), bronchiectasis (?) and renal and ureteral 
(left) calculi were diagnosed 

Com sc — The patient has been under observation for two years, during which 
time there has been no change in his physical condition He works regularly and 
strenuouslv The cardiac sj'mptoms remain unchanged There is no evidence of 
cyanosis or increasing shortness of breath 

Comment — The interpretation of case 2 involves a more difficult 
problem While the dextrocardia was recognized late in life, no etiologic 
factor can be found to explain the dextroposition othei than its con- 
genital nature The absence of cyanosis, the age and physical examina- 
tion of the patient would indicate that the associated malformation does 




LICHTMAN—DEXTROC 4RDIA 


693 


not seriously aftect the physiology of the heart Roentgenographic 
examination shows no cause of ti action or of displacement of the heart 
The right leaf of the diaphragm is lower than the left , the abdominal 
organs are in their normal position In this case as in case 1, the cardiac 
symptoms were incidental, the patient seeking relief for renal colic 
This patient also carries on his occupation, which is strenuous The 
roentgenographic evidence of long-standing congestion of the lungs, the 
symptom-free auricular fibrillation recognized by the electiocardiogram 
and the venous tracing, a persistent bradycardia without spontaneous 
syncopal crises and electrocai diographic evidence of complete heait block 
and idioventriculai rhythm with no histor}'- of an episode pointing to 



^ ' 



Fig 6 (case 2) — Leads I, II, III, from above downward 


disease of the coronary artery in a man only 43 years old with dextro- 
cardia would suggest that the electrocardiographic evidence of both 
auricular fibrillation and conduction defect are more logically explained 
as the results of a congenital lesion than an acquired lesion on the basis 
of disease of the coronary artery 

The persistent regular bradycardia in the presence of auricular 
fibi illation points to the presence of a block in the mam stem of the 
bundle of His probably associated with the septal defect 

The occurrence of partial heart block m association with congenital 
caidiac disease, especially defects of the septal and am iculo\ enti icular 
nodes, was reported by Wilson and Grant (1925) in a child of 14 months 
m whom pulmonary atresia and complete absence of the lnter^entl icular 
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septum was found The} found in the literature 17 clinical cases of 
complete and partial heait block of congenital origin and in another 
case the condition was found post moitem (Storch) The observations 
of Keith Monckeberg Carter and Howland, and Romberg and White 
indicate that the position of the auriculoventncular bundle on the 
upper border of the intei ventricular septum or on the posterior wall of 
the heart, respectively, is the usual one m hearts in which the septum 
IS partially or totall) deficient In the heart described by Mann and 
examined micioscopically by Monckeberg, the auriculoventriculai sys- 
tem was found on the surface of a muscular prominence on the posterior 
wall of the common ventricle (case of cor trilocular biatrium) as in AVil- 
son and Grant’s case Additional cases of congenital origin have been 
recorded recentl}'^ by Aylward (2 cases), and Lampard, Fleming and 
Stevenson (1928) reported 2 cases, 1 partial and the other complete 
with patent intiaventncular septum and malfoimation of the auricu- 
lo ventricular bundle 

Josue described a case of pulmonary stenosis with intraventricular 
communication and “allodromie” due to destruction of the terminal left 
branch of the bundle of His The electrocardiogiam showed delayed 
conduction, notching of Rm opposite deflection of T in leads I and III 
(upward in I, downward in III) and right ventricular predominance 
He maintained (concurring with observations of Keith, Sapegno, 
Monckeberg, Laubry and Pezzi, and Marcel L’Abbe) that the inter- 
ference m conduction is due to secondary inflammatory or degenerative 
processes engrafted on the margins of the septal defects, the resultant 
fibrous tissue causing pressure on the bundle or its branches, or the 
inflammatory process destroying them 

The auriculoventncular conduction system is normal in cases with 
defects of the subaortic septum and persistent total truncus The ex- 
tremel} rare congenital anomalies of the conduction system per se are 
displacement of the sinus node, abnormal course of the auriculoventricu- 
lar conduction system oi abnormal neighboring lelations (Moncke- 
beig) Morrison’s case showed a blind ending of the left branch and 
hypertrophy of the right branch of the bundle of His In Sato’s case 
there was transposition of both blanches of the conduction system with 
normal position of auricles and transposition of the venous ostia 

Laubr} cited a case seen with Mougeot in a man 60 years of age, 
with brad's cardia and complete dissociation of conduction between 
auricle and 'sentricle in whom a latent defect of the interventricular 
septum was found at postmortem examination This lesion was in- 
terpreted as a point of departuie of inflammator}'^ lesions that caused 
destruction of the bundle 
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The legulaiity and the laige diphasic foim of the ventiiculai com- 
plexes, and the slightly prolonged conduction time ovei a peiiod of 
observation of two and one-half years m the piesence of aunculai 
fibrillation, suggest that the ventricles m my second case are activated 
by an idioventiicular center In form, the ventricular complexes sug- 
gest a bundle branch block of the common type The present controversy 
as to the types of bundle bianch lesions (Wilson and his co-workers), 
the presence of dextiocaidia and the lack of positive evidence as to the 
relation of the chambers of the heart due to the unusual electrocardio- 
gram, make it hazardous to mterpiet the location of the idioventiiculai 
ihythm and the question of ventricular predominance 

In a case of complete situs inversus, Potts and Ashman encountered 
similar considerations with the exception that they were definitely deal- 
ing with a mirror-picture heart The electrocai diogi am showed “light 
ventricular predominance, ventricular ectopic beats and letiogiade con- 
duction ” The diagnosis of partial left (functional right) bundle 
branch block was entertained but not favored because of the obseiva- 
tions of Wilson and Hermann that the QPvS f'omolex varies with the 
cardiac rate m the presence of partial bundle branch block and auricular 
fibrillation, and the right ventricular piedominance attributed m the 
absence of any caidiac hypertiophy to the rotation of the heait around 
its longitudinal axis 

In Meyer’s case, studied by the loentgenogram and the electrocar- 
diogram, complete heart block was accompanied by complete cardiovis- 
ceral tiansposition, pulmonaiy stenosis and defect of the intei venti icular 
septum In lead I of this case, P and T weie inverted, R only slightly , S 
was highly upright (left ventiiculai predominance) and leads II and III 
leplaced each other This case, that of Abbott and Moffatt, and my 
cases show beyond doubt the expression m the electrocardiogiam of the 
combined influence of axis deviation and diiection of electrical potential 
of situs inversus, right ventricular hypertrophy and conduction defects 
associated with congenital cardiac disease or malformation 

My second case and that of Krestin are the only cases of isolated 
dextrocardia associated with auricular fibrillation The lattei case is 
attributed to an acquiied mitral stenosis In my case the auricular fibi il- 
lation cannot be explained on the basis of a congenital lesion but possibly 
as the result of a long-standing (congenital) heart block 

In the absence of confirmatory evidence in the electrocardiogram, 
my diagnosis of dextrocardia with noimally related \entricles rests 
entirely on the interpretation of the roentgenogiam In my opinion, 
it IS the right ventricle that is hyperti ophied and m the presence of situs 
mveisus of the venti icles would not give the cardiac contour observed 
heie 
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HISTORY OF THE SUBJECT 

Sevennus of Rome (1643) first noted dextiocaidia in complete 
situs imersus Soon after, the fiist anatomic case of a dextrocardia 
occurring in a partial heterotaxia was recognized by Moellenbrock and 
Hoffmann Senac, m 1749, divided cases of dextiocaidia into acquiied 
and congenital t}pes Eschenbach (1769) described a case of isolated 
dextrocardia with tiansposition of the aoita, including its abdominal 
portion, recorded in Ferrem’s Anatomy (1741) (vide Aufermauei 
citing Gruber, Krieger) Geoffrey St Hilaire (1832) collected 60 
cases of dextiocardia, 30 of which weie not accompanied by transpo- 
sition of other organs (cf Falck) Boillaud (1835) (cf Krieger) first 
lecognized isolated dextrocardia clinically and differentiated between 
displacement and transposition of the heart DeBeauvais pointed out 
the importance of differentiating the isolated form from complete situs 
inversus Mosler (1866), Schroetter (1870) and Pope (1882) gave 
early clinical descriptions The first roentgenographic observation of 
an isolated dextrocardia was made by Vehsemeyer Stoerk (1911) 
made the first electrocardiographic study of a case of dextrocardia 
(Rosier), but the fiist detailed electrocardiographic record was made by 
Moffett and Neuhof (1915) in an isolated dextrocardia with inversion 
of the chambers Weinberger believed his 2 cases to be the first isolated 
cases with inversion of the chambers to be studied by electrocardiogiams 
Anderson described anatomically isolated dextrocardia occmnng in 
a mouse 

GENERAL CONSIDERATIONS 

ETIOLOGY 

The familial incidence of dextrocardia in complete situs inveisus 
has been noted in twins (Reinhardt), two brothers (Lowenthal, 
Ochsenius, Reid, Carpenter), three brothers (Carpenter), brother and 
sister (Curschmann, Neuhof), two children in one family, sex not 
gnen (Frohlich) and m four generations (Lancisi) Familial incidence 
has also been noted by Rogi, Leroux, Labbe and Barret, Baumann, 
Liotta and Bianchi In isolated dextrocardia, the familial incidence has 
been denied by Clerc and Bobrie and Mandelstamm and Remberg The 
onh instances I find are that of Doolittle, in fathei and son m a family 
iMth two geneiations of twins, and that of Boruttau and Stadelmann in 
a maternal uncle 

The incidence of twins in families with dextrocardia is confined to 
these cases of Doolittle, Reinhardt, MacLennan and Schott, Schmilmslcy 
and Nagel referred to 2 cases in a series of 24 isolated dextrocardias 
A famil)'- history of cardiac disease is reported by Bahn in his case and 
in 5 other instances (Baumgarth, Mosler, Sussmann, Neumann, Giuss) 
Nagel also referred to 5 instances Rosier noted this in his first case 
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and emphasized consanguineous marriage in relation to congenital 
cardiac disease Abraliamson noted a famil) history of rheumatic fe\ ci 
m a case of total situs inversus (case 3) In my series a famil) histor\ 
of cardiac disease was found in 9 cases and of rheumatic fever in 3 
cases A history of acute articular rheumatism was given in 6 cases 
The age incidence studied by Clerc and Bobrie m 57 cases of isolated 
dextrocardia was found to be 6 persons under 1 year, 12 in the first 
decade of life, 12 in the second, 13 in the third, 2 m the fourth and 3 
older than 50 years (63 years. Pope and Lucchi, 67, Giovannmi) In 
Rosler’s collection of 24 cases that came to necropsy, there weie 11 in 
the first yeai of life, 4 m the first decade of life, 2 m the second, 1 in 
the third, 3 in the fourth, 2 in the fifth, none in the sixth and 1 in the 
seventh, the average age was 14 yeais In his series of 127 clinical 
cases, the average age was 23^4 years wuth the following age incidence 
first year of life, 5 cases , first decade, 26 , second, 28 , third, 28 , fourth, 
18, fifth, 5, sixth, 7, seventh, 1, and eighth, 1 In my entire series of 
144 cases wuth age given, m the first year of life there were 17 cases , in 
the first decade, 31 , m the second, 24, m the third, 30 , in the fourth, 21 , 
m the fifth, 12, m the sixth, 5 , m the seventh, 3, and m the eighth, 1 
There were 42 males m Clerc and Bobne’s series of 56 cases In 
Nagel’s collection of 24 cases, 16 occurred m males and 4 in females , 
in 3 cases the sex w^as not given In Rosler’s collection of 24 
anatomic cases, 10 were in males, 10 m females and in 4 cases the sex 
was not given In my series, m those cases m which sex is mentioned 
89 were in males and 51 m females In the cases verified by necrops}, 
the ratio of sexes is 1 1 , m the clinical series it is approximately 2 1, 
which IS the ratio given by Kuchenmeister for cases of complete situs 
inversus Baumann attributed this appaient predominance in males to 
the fact that many of the reported cases were found in army recruits, 
and that the breasts of wmmen make the detection of dextrocaidia 
improbable on casual examination 

Congenital skeletal defoimities associated with accepted cases of 
dextrocardia have been reported by Tison (thirteen ribs on the right 
side, eleven on the left, sixth and seventh fused) , by Henoch, m a case 
of isolated dextrocardia (absence of radius and left thumb) , by Wagnei 
(total hemiatrophy of the light side of the face) , by Mandelstamm and 
Remberg (case 7b, isolated dextrocardia with fissure of sternum, and a 
case of complete situs inversus m a boy of 17 with a supernumerar} 
sixth finger and accessory cervical mammae) , by Crunfeld (congenital 
umbilical hernia) , by Moffett and Neuhof (metacarpal deformities) , 
by Rosier (case 3, finger defects, syndactylism of toes, cervical rib, 
fissure of sternum) and by Sakurai in a case of partial heterotaxia 
(harelip and cleft palate) 
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Intra-utenne traumatism oi disease as a factoi in the causation 
of dextroposition has been emphasized by Berwald, Pic and Alaux, 
and also by Cade, Rebattu and Gras in whose case an early pleurisy, 
which later disappeared, piesumably caused the right-sided heart 
In Berwald’s case, incoiiectly reported as a genuine case of pure 
congenital dextrocardia, the left pectoial muscle was absent and the 
left ribs depressed at the sternum At necropsy, the peiicardium was 
found adheient to the wall of the chest, and the apex pointed to the left 
The anomaly in this case must be attributed to mti a-uterme traumatism 
(Foi a series of similar cases of “Rechtslage” of the heart associated 
with defects of the rib, muscle and sternum see “Cases of Congenital 
Dextroversion” undei “Special Lists of Cases,” second installment ) 
Uteiine fibioids ma-s pi ess on the growing fetus and cause such defonni- 
ties Transitoi}’^ traumatism may altei the position of the heait without 
leaving a trace of defoimitA of the thorax owing to the elasticity of the 
growing thoracic wall 

In cases of complete situs inversus, left-handedness has been noted 
in from 48 to 50 per cent (Scandola) and in 23 of 31 cases (Ebstein) 
In LeAVald’s series of 28 cases of complete situs inversus and 1 of 
isolated dextiocaidia, all of the patients were iight-handed Weygandt 
considered left-handedness as evidence of a partial situs inversus with 
transposition of the cerebral hemispheres Among the cases of isolated 
dextrocardia, iight-handedness is the lule, but left-handedness has been 
noted by Sobiercyzk and by Vehsemeyer, by Nagel in 3 of 5 cases and 
bv Bonheim in his case , Mandelstamm and Reinberg noted no case in 
a senes of 5 of 7 cases of isolated dextrocardia in which mention is 
made of dexterity and 3 with a histoi}'^ of left-handedness in a series 
of 26 cases of total situs inveisus In my series, left-handedness 
occuired in 5 of 15 cases in which this point was noted 

The lower position of the right testicle is a more dependable sign 
of heterotaxia than left-handedness Ebstein observed the right testicle 
to be lower m 28 of 36 cases of complete situs inversus , Mandelstamm 
and Reinberg, in 6 of 9 men with total situs inversus, and Royei and 
Wilson, in a case of incomplete heterotaxia In my second case, the 
testicles were in normal position 

The f requeue) of cases of isolated dexti ocai dia reported by diftei ent 
authors vary accoiding to then definition and their discrimination of 
suitable cases 

Breschet, 1826 111 defined group of anatomic cases mainlj of the acquired 

ti pe , 1 case of isolated dextrocardia 
Schroetter, 1870 111 defined 

Krieger 1880 16 cases, presumably isolated but not well defined 

Vehseme\er, 1897 27 cases 

Mifdermauer, 1907 55 cases 
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Nagel, 1909 23 cases from the German literature , 16, clinical onh 

Herxheimer, 1910 40 cases, 17 with necropsy 

Foggie, 1910 46 cases, clinical only , 7, necropsy onlj , 5, clinical and necropsj , 

with a sixth personal case 

Moffett and Neuhof, 1915 124 cases, but obviously not all isolated as claimed 

Clerc and Bobrie, 1918 50 cases, clinical only, 11, post mortem, 23 of 55, 

complicated (collection too large, m spite of care claimed m selection) 

Laubry and Pezzi, 1921 60 cases including 1 personal case, 29 with necrops\ 

Man^elstamm and Remberg, 1928 7 additional personal cases 

Rosier, 1930 24 cases with necropsy, 127 cases of “Rechtslage” of the heart, 

some cases of congenital dextroversion included , 7 personal cases added to litera- 
ture 

Lichtman 1931 10 cases, necropsj only, 26 cases, clinical and necropsj , 125 

cases, clinical only, 2 personal cases added 

GENESIS OF ISOLAIED DEXTROCARDIA 

A icMcw of the liteiatuie indicates that little progress has been 
made in the knowledge of the real cause of this anomaly The numerous 
theoiies advanced to explain the cause of total situs inversus may be 
briefly alluded to turning of the embi)o itself (Baer, Remalc, Bischofif, 
B S Schultze), primary turning of the cardiac tube (Daieste), twist- 
ing of the umbilical cord to the left m the fetus (Viichow), peisistence 
of the light omphalomesenteric and umbilical \eins instead of the left 
(Lochte) and the twin theory of Schott and Foister, (leviewed by Nagel, 
Paltauf, Remberg, Fulchieio, Aufdeimauei, Mandelstamm and Rein- 
berg, Laubry and Pezzi and others) 

The mechanism of the isolated type of dextiocaidia must necessaiily 
be even less understood, especially since many variations are involved 
Rmdfleisch explained paitial heterotaxia as due to the physical 
mechanism of the altered flow of the blood column Marchand showed 
long ago that the reasons for the de^elopment and existence of total 
and partial situs mveisus differ fiom each other maikedly, and that 
these conditions owe their origin to different factors 

However, it may be stated with some ceitamty that chronologically 
the dextrocardia of total situs mveisus occurs in the earliest phase of 
the development of the embryo not latei than the tenth to the fifteenth 
day after fertilization of the ovum, when the S-shaped curve of the 
primary embryonal heart tube takes place (Heixheimer, Monckeberg) , 
at this time, a contiasigmoid turning of the caidiac tube occurs instead 
of the usual sigmoid twist 

B} a careful and systematic ln^ estigation of the anatomic material 
in cases of partial heterotaxia, such as Pernkopf has made, interesting 
data pel taming to the concept of the genesis of the diffeient t3pes of 
dextiocaidia ha^e been obtained The contention of Lochte that tran';- 
position of isolated organs in one bod} caMty cannot occur in associa- 
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tion with a normal lelationship in the other is dispioved Pernkopf 
demonstrated that different oigans oi oigan complexes or paits theieof 
ma}^ develop a mirror-image position, and that the anlage of an organ 
111 the sense of its noimal oi inveise symmetry exerts no influence on 
the development of the form oi position of an adjacent oigan It is his 
opinion that the diftrent components of the embryonic heart may 
develop in an independent mannei and unrelated to one another in the 
sense of a situs inversus A situs sohtus of a single organ has been 
observed in spite of a general situs inversus Cases of complete situs 
inversus with sinisti ocardia must be considered as instances (Hickman 
and others) 

The time of incidence of the isolated inversions of the entire caidiac 
organ complex or individual parts must also occur as early in embryonic 
development as they do m complete situs inversus According to 
Spitzei, total situs inversus and partial situs inversus are fundamentally 
identical in genesis (Marchand and Lochte believe they differ, the latter 
occurring later in embrj^ologic development) According to him, they 
repiesent the contiary to the notmal phylogenetically de\ eloped organ 
The isolated inversions correspond to inveision of the primal y genetic 
divisions of the anlage of the heart, the sinus, the primaiy atnal, the 
pi unary ventricular or bulbus metameres or the entire cardiac metameric 
complex The malfoimation usually associated with isolated cardiac 
inversion must necessaiily occui because anatomic and functional con- 
tinuity IS maintained despite the fact that correlated portions of the 
heait do not undergo simultaneous inveision The rules governing the 
transposition of the bulbus metamere differ from the rest of tne cardiac 
complex 

It IS Spitzer’s concept that transposition of the vessels is a result 
of a combination of lecent and atavistic phylogenetic and ontogenetic 
influences on the development of the bulbus metameie In his opinion, 
in the evolution of the lung-breathing terrestial species fiom the aquatic 
gill-bieathing types, the pulmonary portion of the cardiac tubes assumed 
a role as important as the systemic poition with a consequent develop- 
ment of both these systems side by side separated by septums In 
order, however, that aeiated blood may reach the systemic circulation, 
a complete torsion through an angle of 180 degrees of the arterial end 
must take place, so that aerated pulmonaiy blood may go to the left 
side of the heart and be discharged therefrom, and nonaerated systemic 
blood ma)^ go to the right side of the heart and be discharged into the 
lungs That such a rotation occurs is seen in the clockwise spiral of 
the aortopulmonary septum Thus in the definitive heart, as the pul- 
monic tiunk descends it swings fiom behind the aorta around to the 
left and anterioily, reversing proximally its distal relationship to the 
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aoitic tiunk When the \asculai giowth of the fetus is impaiied, the 
development of the pulmonic side of the lieait and the septums is 
usually mteifered with, and so-called “detoision defects” occui Thcic 
IS a complete absence of the 180 degrees spiial lotation of the aiteiial 
end or only to a vaiiable degree, resulting in the difteient tipes of tians- 
position of the great vessels This underlying detoision at the aiteiial 
end of the caidiac tube does not entail any counteitoision at the \enous 
end of the heait A gioup of cases of dextrocaidia without nneision 
of the chambers with anomalies of the gieat vessels ma) be consideied 
as mechanically the lesult of detorsion defects (cf Paltauf, Lochte, 
Shapiro’s case 1) A group of cases of dextrocaidia with mveision 
of the ventricles with so-called “coriected tiansposition” of the gieat 
vessels (Lochte, Paltauf) and so-called dexti ovei sion with tiansposi- 
tion of the gieat vessels may be explained as the opposite m genesis 
teleologicall}'' of the two anomalies, the transposition of the vessels and 
the mveision of the chambeis (Roslei and Spitzer’s case) The dextro- 
cardia associated with persistent light aoitic aich may similaily be 
explained on a mechanical basis 

The second type of isolated dexti ocaidia without mveision of the 
chambers is considered by Nagel to be due to an arrest of de\elopment 
occurring in the teratogenetic-tei mination period of about the sixth 
week At this time the normal heart fully developed occupies a median 
position in the thorax almost symmetrically perpendiculai to the long 
axis of the body, with slight preponderance of the right ventricle At 
this point the heart fails to rotate to the left as noimally and lotates 
with its apex to the right with a slight degree of torsion of the vascular 
pedicle ^ 

The preponderance of the right ventricle is probably an impoitant 
but not the sole factor in the pathogenesis of this type Truly most of 
these cases have right-sided congenital malformations but so do cases 
of congenital cardiac disease without dextrocardia Fuitheimore, there 
aie cases of dextrocardia of this type without malformations (Pope, 
Lucchi, Wendling) The higher blood pressuie and the normal over- 
growth of the left ventricle may account for the normal deflection of 
the heait to the left Paltauf believed the upward growth of the pre- 
dominant right lobe of the liver or a transient fetal h}dropeiicaidium 

*A group of borderline cases designated as “mesocardias” belongs here I 
must insist for acceptance under the heading of true dextrocardia that the apex 
he to the right Gorter erroneously implies that in isolated dextrocardia the apex 
lies to the left Cases of median heart erroneously reported as dextrocardia fol- 
low anatomically verified, Sandifort, Wilson, Otto, Breschet, Kussmaul, Pern- 
kopf’s case 4, clinical only, Schroetter, Stone, Hochsinger (roentgenogram), 
Gorter (roentgenogram) 
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to be responsible for the noimal turning of the heart to the left 
Broman, concurring, expressed the belief that the right lobe of the livei 
growing cranialwaid meets the heart in descent, diverting it to the left 
An abnormally large left lobe of the liver has been considered the cause 
of the turning of the apex of the heart to the light (Shapiro’s case 1) 

The occurrence of three uncomplicated cases of dextrocardia with- 
out inversion of the chambers nullifies the contention of Paltauf and 
of Kundrat that a noimal heart cannot occur in dextrocardia because 
it would result in kinking of the gieat vessels Clerc and Bobrie main- 
tained that these uncomplicated cases prove the later intra-uterine 
development of this type since a normal heart and blood vessels have 
already been formed The} also dispiove the theory that the associated 
malformations are the result of the dextrocardia (Nagel believed 
that pulmonary stenosis was the result of the dextrocardia ) Pic and 
Alaux contended that this type of dextrocardia appeared late in fetal 
life and was the result of associated anomalies, and that uncomplicated 
cases could not be congenital Fetal endocarditis (Pal), pleuroperi- 
cardial adhesions (Cipriani, Steiner, Kuchenmeister, Walther) and 
intra-utei me traumatism (Aperte, Latibry and Pezzi) have been incrim- 
inated as causing the simple type of dextiocaidia 

In summar), it ma} be said that the dextrocardia with inversion 
is teratogenetic in origin, occurring in the first two weeks of embiyonic 
life and the associated malfoimations being secondary to the 
anatomically deranged portions of the cardiac complex Dextrocardia 
uith normal lelationship of the chambers is a result of certain unknown 
mechanical factors or transposition of the great vessels, in which case 
the anomaly occurs m the sixth week, or later, of embryologic develop- 
ment The malformations associated with this type of dextrocardia 
may be necessary factors m the cause of the anomaly or the result of 
the same underlying etiologic factor 

ANATOMY 

In anatomic consideration of a case of isolated dextrocardia, two 
factors are of primary impoitance, first, that the ti ansposition of the 
heart is not part of a general heterotaxia, and second, its mnei 
architecture 

The so-called “ideal” minor-image dextrocardia is attained only as 
pait of a total situs inversus The statement of Latibry and Pezzi that 
even in total situs inversus complete minor-image dextiocardia does 
not exist, the great \essels not shanng in the mnioi -image of the 
normal, the aorta Ivmg anterior!} and on the right and the pulmonan 
aitery lying posterioily and on the left, lests on a confusion with the 
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isolated min oi -picture type of dextiocardia Except for the position 
of the great vessels, the isolated mirroi -picture dextrocardia may at 
least theoi etically be viitually identical with that of total situs inversus 
The axis of the heait then luns fiom above on the left downwaid to 
the light and anteiiorly with the ai^ex comprised of the right arterial 
ventricle pointing to the right (m complicated cases the apex is formed 
b}^ the right ventiicle tiansposed to the left) The right arterial ven- 
tiicle contains a bicuspid valve and gives use to the aorta which contiaiy 
to Its normal left and posterior position passes to the right and forwaid 
and aftei deviation to the left cuives on itself back to the right side 
and crosses the light bronchus (right aoitic aich) or as fiequently the 
left bionchus (Rosier) but only raiely descends along the right side 
of the veitebial column Most commonly, after crossing the right or 
left bionchi, it descends along the left of the vertebial column The 
anterior aspect of the heait is foimed by the left venous ventiicle which 
lies undei the steinum, possesses a tricuspid valve that dischaiges 
blood into the pulmonai}^ alter}, and therefore repiesents the normal 
light ventiicle The supeiior and inferior venae cavae luii on the left 
of the vertebral column and empty into the left venous amide 

To date, howcvei, an “ideal” mirror-image isolated dextiocaidia has 
never been observed anatomically (Bard, Pic and Alaux, Stone, Paltauf, 
Nagel, Mandelstamm and Reinbeig, Laubiy and Pezzi) Rosier 
further maintained that no case exists at piesent with complete inver- 
sion of all the chambers of the heait In addition to the afoiementioned 
nonparticipation of the vessels in the miiioi -image dextrocaidia, car- 
diovasculai lesions oi inversions of individual segments of the caidiac 
complex occur Among Roslei’s 24 cases with anatomic study, there 
was no case with situs ln^elsus and noimal oiigin of vessels and theie 
were in the liteiatuie 7 cases with abnoimal origin of the blood vessels 
(Breschet, Reddingius, Lochte, Baumgaith, Wenner, Ratner, Abbott, 
Beattie, Roslei, Spitzei) Of this gioup an equal numbei of cases 
showed defective, oi absent, septums In at least half the cases there 
weie changes m the pulmonary orifice The aortic arch was found on 
the tight as often as on the left There was isolated inveision of the 
ventricular region foui times (Lochte, Wennei , Ratner, Abbott, Ros- 
lei, Spitzer), of the pulmonary oi caval veins, partial, twice (Breschet, 
Ratner, Abbott) and complete, twice (Reddingius, Baumgaith) The 
nearest appi oach to the i ealization of a mirror-image isolated dextrocar- 
dia IS found in Giaanboom’s case, in which, however, a tricuspid valve 
was found m the right arterial ventricle, a mitral valve in the left, venous, 
side of the heart and the origin of the aorta on the right side and 
anterioi to the pulmonaiy artery 



706 


ARCHIVES OF INTERNAL MEDICINE 


C\SES or ISOLATED DEXTROCARDIA STUDIED ANATOMICALLY ONLY 

1 Eschenbach.ioi 1769 Male, aged 6 years, apex of heart to right, 
base toward left (small portion to left of midline) , great vessels inverted in 
respect to thoracic cavity , abdominal aorta to right of vertebral column , other 
organs m normal position (The original article appeared in Latin , little else is 
recorded ) 

2 Otto,248 1824 New-born child, median heart r\ith apex pointing to right, 
rotation to left on long axis so that right border is anterior and left side of heart 
not seen, right auricle anterior, left auricle posterior, right ventricle short, one 
half the normal length, left -ventricle of normal length forming entire apex of 
heart, great vessels normal, descending aorta on left side, small round septal 
defect , lungs normal , left smaller but has no cardiac incisure 

3 Breschet,®^ 1826 Dissection by Meckel at Foundling Hospital of Pans 
Fibrous pericarditis, apex of heart to right, bilocular heart, persistent left supe- 
rior vena cava in addition to normal right superior and inferior venae cavae, single 
large arterial trunk from ventricle crossing to right side of vertebral column, 
vestige of tricuspid valve , single ventricle communicates with auricles and aorta 
by two orifices , aortic valve normal , pulmonary artery does not enter ventricle , 
situated to the left and behind the aorta , liver, stomach, portal vein and intestinal 
tract normal , spleen absent , spina bifida , large thymus , lungs, three lobes each 

4 Pope,284 1882 Anterior flap of mitral valve adherent to endocardium with 
some thickening, arch of aorta in central thorax, descending aorta to left of 
vertebral column, branches in normal relationship, heart otherwise normal, gray 
hepatization of lungs , right, three lobes, larger than left , left, two lobes , abdom- 
inal organs m normal position 

5 and 6 Boerhaave Two doubtful cases, incomplete data 

Case 1, male executed prisoner, all viscera m normal position except heart, 
the apex of which pointed to the right 

Case 2, female executed prisoner , the so-called right chamber of the heart on 
the left and the left vice versa 

7 Northrup,^^® 1888 Female infant, 31 days old , cj'anosis , heart inclined 
to right side , bilocular heart , single artery, the aorta , rudimentary septal ridge , 
pulmonary artery, a fibrous cord , superior vena cava on left of aorta , aorta on 
left of vertebral column, absence of pulmonary veins, absent mitral orifice, aortic 
orifice r alve and tricuspid auriculoventricular valve , anomalous abdominal veins , 
left lobe of lung, two lobes , abdominal organs in normal position by inference of 
text 

8 Kundrat,^®® 1888 Female, 4 weeks old , ci'anotic at birth , trilocular heart 
(two auricles) , aorta anteriorly from giant venous ventricle, pulmonary artery 
posteriorly from small arterial ventricle, liver normal in size and position but 
left lobe greater than right , gallbladder more to the left than usual , stomach 
normal, spleen absent, duodneum double sling, anomalous course of portal vein 

9 Reddmgius,-''^ 1889 and Graanboom,!'® 1881 Icterus , ascites , pulmonary 
infarction, hemothorax (right) , left serofibrinous pleurisy, apex of heart formed 
by both ventricles , aorta, normal course and branches , superior vena cava on left , 
pulmonary artery posterior to aorta , right ventricle anterior , left, posterior , aortic 
lumen narrow , tricuspid valve m right arterial ventricle , mitral valve in left 
venous \entricle, inversion of ventricles with corrected transposed vessels, not 
mirror-image heart, left lung, ti\o lobes 
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10 1890 Death from pleuropneumonia, tnlocular heart biatriatum , 
septal ndge gives rudimentary left ventricle and major right ventricle (three 
fourths of heart) , tricuspid, mitral and pulmonary orifices normal m right ven- 
tricle, aorta from common caMty, stenosis of orifice of pulmonary artery, aorta 
and branches normal , right auricle m normal position, larger than left , foramen 
oiale patent chambers in normal position, cardiac incisure at left middle lobe 

11 Grunmach,i^« 1890 Death from tuberculosis, pleuritis, adherent to peri- 
cardium but not responsible for displacement , right ventricle forms round apex, 
larger than left (which does not reach apex) , right ventricle and auricle hyper- 
trophied and dilated, contains tricuspid valve , persistent foramen ovale , pulmonary 
conus stenosis , absent pulmonary valve , ventricular septum defect , aorta from 
left lentricle, right aortic arch behind esophagus (note error m illustration) , no 
transposition of vessels or chambers 

12 Birmingham,'*® 1892 Pulmonar} tuberculosis, especially of left lung , apex 
of heart formed by tip of right ventricle , anterior surface formed by both ven- 
tricles equal!} , aorta and pulmonary artery from right ventricle , persistent right 
aortic arch v^entricular and auricular septal defects , persistent left superior v^ena 
cav a , no auricular appendage to right of aorta , pulmonary artery posterior and 
to the right of the aorta, stenosed, anomalous valve , ventricular cavities normal , 
mitral valve m left v'entricle, transposed aorta, abdominal organs normal 

13 Lochte,-°' 1894 Afale, aged 46, died of cardiac failure, atherosclerosis, 
chronic mjocarditis, apex formed by right ventricle, anterior surface of heart 
tormed by small right ventricle and large left ventricle, aorta to left and anterior, 
pulmonary arterj posterior , bicuspid v'alve in right ventricle, giving rise to pul- 
monarj arterj , tricuspid v'alve in left v^entricle giving rise to aorta, minute 
ventricle septal defect, auricles and ventricles not transposed, auriculoventncular 
valves transposed, corrected transposition of vessels, lungs not transposed 

14 Dalton, 1898 Short clinical note iMale, aged 15 3 ’ears, splenomegaha , 
liv er on right side , death due to embolism , abdominal organs not mentioned at 
necrops} , right lung, two lobes , pulmonarj'- arterj’- more exposed than usual , per- 
sistent left superior vena cava , mitral endocarditis , apex of heart beneath right 
sixth rib, 2j4 inches from midsternum 

15 Low enthal,2o® 1900 Apex formed by right ventricle, left ventricle v'ery 
small right ventricle larger and thicker walled , ventricular septal defect , pul- 
monar}'- artery absent , ductus botalh takes place of pulmonary artery, forms arte- 
rial trunk , superior vena cava on right , v'entncles in normal relationship , 
abdominal organs normal 

16 Baumgarth,3i 1902 Left lung, four lobes, single auricle receives two 
superior v'enae cavae , four pulmonary veins, and inferior v'ena cav^a , externally 
auricles appear reversed , primitive interventricular communication , right ventricle 
wide and strong, aorta from left ventricle, rudimentarj'^ stump of pulmonary artery 
in corrected transposition , patent ductus botalh , branches of aorta m normal 
relationship , cor biloculare with normal relationship of chambers , corrected trans- 
position of v'essels 

17 Lucchi,-*® 1902 No anomalj of great vessels or auricles, dilatation of 
aortic arch , calcification of aortic valv'e , dilatation of left and right ventricles , 
no incisure of left lung , chronic passive congestion of normally situated abdominal 
organs 

18 Wendhng,'’^* 1903 Dilated aorta, liver enlarged, normal position of 
abdominal Organs , heart enlarged , valves normal , normal relationship of cham- 
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bers, apparently a normal heart, obvious postmortem rotation of apex to left, 
lobes of lung normal, pulmonary tuberculosis 

19 Wright and Drake,306 1903 Single large aorta-hke vessel (bilocular 
heart) from superior and anterior parts of ventricle, curves like aorta, rudimen- 
tary auricular and v'entncular septums , single valve between auricle and ventricle , 
more like bicuspid than tricuspid , normal position of abdominal organs 

20 Wenner,3^2 1909 Case 9, female, aged years, cor monoventnculare 
biatriatum, transposition of arterial vessels, aorta anterior, pulmonary artery 
stenosed, posterior, both orginating from right half of heart, apex points to right 
in right midaxillary line at level of eighth rib, mitral valve on right, tricuspid 
valve on left, persistent left superior vena cava as well as normal right, no 
arterial outlet to left chamber, three semilunar cusps in aorta, only two in pul- 
monary artery, anomalous position of atria, right huge, left small, aorta gives 
off branches as usual and follows usual course to left of vertebral column, 
abdominal organs not mentioned specifically but text infers normal position 

21 Pal,25i and Gruss,^^" 1888, 1907, 1919 Female, aged 49 years, died of men- 
ingitis , deformity of chest , right lung adherent, three lobes , heart free , left cham- 
bers enlarged , right auricle more posterior than usual , aorta from left ventricle 
which IS thicker than right, pulmonary artery from right ventricle, mitral vaWe 
normal , aortic valve calcareous, stenosed , great vessels normal , chambers in normal 
relationship, aortic stenosis, due to fetal endocarditis, abdominal organs normal 

22 Nagel,239 1909 Apex formed by right posterior, poorly developed v^en- 
tricle , auricular septal defect , absent septum membranaceum , pulmonary artery 
from right ventricle , aorta from left ventricle which has bicuspid valve , pul- 
monary conus and ostium absent , aorta arises on left, anterior to pulmonary artery, 
runs to right behind esophagus, descends on left of v'ertebral column , inferior 
and superior venae cavae on right of vertebral column , three lobes in both lungs 

23 Foggie,^^^ 1910 Heart enlarged, only right auricular appendage present, 
mitral and tricuspid valves incompetent, right ventricle forms greater part of 
anterior aspect of heart , cor triloculare biventriculare , liver in normal position 

24 Campergue,®® 1912 Died with vomiting and dyspnea , congestion of lungs , 
hv'er and spleen normal , globular heart with apex deviated toward right border , 
dilated right auricle, tricuspid valv’^e normal, hypertrophied right ventricle, left 
auricle receives vena cava, left ventricle gives off pulmonary artery (stenosed), 
aorta dilated, ventricular septal defect, transposition of vessels 

25 Morgan, 234 1916 Female, aged 9 months , death following convulsions , 
lungs not imported , liver, spleen and stomach normal , heart globular , left ventricle 
thick, right thin, valves normal, aortic arch exaggerated, branches in normal 
position , patent foramen ovale , no septal defect 

26 Mautner and Lowy,3i® 1921 All organs except heart in normal position, 
hj'pertrophied globular heart , apex formed by right ventricle , normal arch over 
left bronchus, pulmonary artery covered by aorta, cor triloculare biatriatum, 
right ventricle larger than left, mitral valve normal m left auriculoventricular 
ostium, pulmonary artery stenosed, transposition of aorta 

27 Ratner, Abbott and Beattie, 1921 Female, aged 17 days, heart enlarged, 
apex broad, formed by both ventricles , globular in shape , right pleural transudate , 
auricles normal, transposition of ventricles and great vessels, right (systemic) 
ventricle smaller than left, tricuspid valve on left, mitral on right, ventricular 
septum entire , auricular septum absent (cor triloculare biventriculare) , ascending 
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aorta from right ^ entncle to lelt , arch and descending on right , patent ductus 
arteriosus , aortic isthmus stenosis , right pulmonary veins into right part of com- 
mon auricle, superior vena cava into persistent omphalomesenteric bay 

28 Plumier-Clermont,-®o 1924 Very small right ventricle, septal defect, 
riding aorta crossing right bronchus, one auricle receiving right and left venae 
cavae and pulmonary veins, stenosis of pulmonary artery, auriculoventncular 
^alves normal, death from pulmonary tuberculosis 

29 Reggiani,-"^ 1925 Female, aged 2J4 months, cor triloculare biatriatum, 
apex formed by both ventricles , auricular septal defects , left side of heart with 
four-leaved auriculoventncular valve , aorta and pulmonary artery from right side 
of heart , aorta anterior to pulmonary arterj' , both course to rignt upward , patent 
ductus arteriosus , two coronaries with single ostium , abnormal cardiac veins 

30 Pol 2 G 1 and Balm,-'' 1925 Male, aged 40 years , atresia of aorta beyond 
origin of subclavian arterj , normal situs of vessels , cardiac incisure in right three- 
lobed lung, hypertrophied left ventricle, aortic endocarditis (lenta) , recurrent 
mitral endocarditis, aortic isthmus stenosis, calcified tuberculosis of both apexes 

31 MacCallum and Resml<, 2 n- 1926 Cor triloculare biatriatum, patent fora- 
men ovale, large \entricular septal defect, narrow, anterior aorta crosses left 
bronchus, pulmonary arterj posterior and wide, mitral valve on left, tricuspid 
on right side , vena cavae and pulmonary A'ems in their normal auricles , ductus 
aiteriosus closed 

32 Biedermann,^° 1926 Female, aged 36 j'ears , septal defect , pulmonary insuf- 
ficiency, and stenosis, two-lea\ed pulmonary valve, aoita anterior and left from 
left ^ entncle, pulmonary artery posterior and right from right ventricle (corrected 
transposition) , tricuspid vahe on right side, mitral on left, aorta runs on left 

33 Gar\in,i 2 " 1927 Short case presentation, no clinical notes, age and sex 
not given, one auricle, one ventricle, two pulmonary arteries arise symmetrically 
from the thoracic aorta, pulmonary veins emptj' into superior vena cava, inferior 
\ena cava absent, congenitally absent spleen 

34 Rach, 2 "i 1927 Male, aged 4 months , apex formed by right ventricle , apex 
points to right, marked eccentric h 3 'pertrophy of right ventricle and right auricle 
w ith patent ductus arteriosus and foramen ovale , tracheal stenosis due to com- 
pression of right lung by hypertrophied heart 

35 Rosier and Spitzer,32o 1929 Male, aged 6 years , abdominal organs 
normal, pulmonary artery and aorta (left side) arise side by side, parallel from 
anterior border of junction of both ventricles, aorta crosses right bronchus, 
branches in reverse order, right ventricle has mitral valve, pulmonary conus 
atresia, smaller left ventricle has tricuspid valve, aorta and three-leaved normal 
■valve, septal defect, ductus botalh and fotamen ovale open, auricles and caval 
^elns in normal relationship, transposition of aorta, pulmonary conus atresia, 
isolated inversion of ventricles and truncal regions, nght-sided aortic arch 

36 Shapiro, 20 i’ 1930 Male, aged 14 months^ pulmonary tuberculosis with 
cavitation, ulceratne ileitis, miliary tuberculosis of both lungs, spleen absent, left 
lobe of liver larger, common auricle leading to incompletely divided ventricular 
cavity which empties by single arterial trunk , pulmonary artery absent , rudimen- 
tary ventricular septum, right ventricle insignificantly small, left large, forms 
apex, large bicuspid auriculoventncular leaflet, single larger arterial vessel with 
three semilunar cusps, detorsion defect of truncus arteriosus with reversal of 
coronary arteries 
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CLASSIFICATION 

A piactical classification b} Mandelstamni and Reinbeig of cases 
of dextrocardia in its bioadei sense into fom mam types (type I, as 
found in total situs imeisus , t}pe II, isolated dextrocaidia with miiioi- 
image ariangement of chambeis t3pe III, isolated dextrocaidia with 
normal relationship of chambeis, type IV, acquired dextiocardia) is 
ciiticized by Roslei as not being fully applicable to cases as veiified 
anatomically Rosier has enlaiged on this classification from the point 
of view of his definition of “Rechtslage” of the heait, including cases 
of congenital dextrovei sion consistent with anatomic findings of pioved 
cases 

The classification I piopose foi dextrocardia in its stiict sense is 
simple, piactical and faithful to the anatomic -variations obsened, oi 
possible 

I According to degree of heterotaxia 

A Nonisolated, occurring as part of a complete situs inversus 
B Isolated, heart alone transposed 

C Partial heterotaxia-dextrocardia associated with transposition of some 

other organ or portions of the vascular system 

II According to the arrangement of the chambers and great vessels 

A With normal arrangement of the chambers 

1 Arch of aorta crossing left bronchus 

2 Arch of aorta crossing right bronchus 

3 Persistent right aortic arch 

4 Transposition of the great vessels 

5 “Corrected transposition” of the great vessels 
B With mirror-picture arrangement of chambers 

1-5 As under A 

III According to the presence or absence of complications 

A Uncomplicated, not associated with congenital malformation or disease 
B Complicated 

1 Atresia or stenosis of pulmonary and aortic orifices or pulmonarj 

conus 

2 Septal defects, auricular and ventricular 

3 Anomalies of number of chambers of heart, cor biloculare and 

triloculare 

4 Venous anomalies 

5 Anomaly of v^alve ostia, position, number and cusps 

6 Patent foramen ovale and ductus botalh 

In all instances the apex of the heart lies to the light, and the axis 
IS directed from the left above downwaid to the light The mediastinum 
IS in the midline, except foi slight deviation of the trachea, esophagus 
and great v'ems The v'entncle constituting the apex of the heait is 
too variable anatomically to peimit clinical classification Since most 
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cases encounteied thus far do not belong to ^.ny single cleaicut gioup, 
in classifying any paiticulai case it is necessaiy to designate the vaiious 
key numbers and subgroups of the classification for a complete desciip- 
tion of the case Foi the clinical application of such a scheme m cases 
not verified by necropsy, i oentgenogi apbic and electi ocai diogi aphic 
obseivations aie essential 






Fig 7 — Composite schematic representation of the anatomic and roentgen- 
ographic types and variations of isolated congenital dextrocardia , I, mirror- 
image dextrocardia as found in complete situs inversus , stomach transposed also , 
II, mesocardia with apex to right side, III, mirror-image isolated dextrocardia 
with right aortic arch , IV, mirror-image isolated dextrocardia with left aortic 
arch , V, isolated dextrocardia with normally related chambers and left aortic 
arch , VI, isolated dextrocardia with normallj’- related chambers and right 
aortic arch The right aortic arch crosses the right bronchus and may descend on 
the left or right of the vertebral column With a persistent right aortic arch, the 
aorta crosses behind the esophagus to descend on the left of the vertebral column 

In figure 7, the types and Aaiiations of isolated dextiocardia ate 
represented schematicall) 
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CLINICAL OBSERVATIONS BASED ON CVSES REPORTED IN THE 

LITERATURE 

Cases of isolated dextiocardia complicated by gross malformations 
are recognized at birth or eaily in life by the classic signs of congenital 
cardiac disease Uncomplicated cases or cases with minor malforma- 
tions, on the other hand, are only casually discovered by the patient 
by an exaggerated pulsation m the light side of the chest, by a sub- 
jective sensation of a surging feeling oi palpitation in the right side 
of the chest, by the clinician in the couise of a routine physical 
examination in civilian or military life or by the pathologist at necropsy 

The analysis of the cases reported in the hteratuie, including the 
two peisonal cases, is based on a study of 

I 10 cases studied by necropsy only 

II 26 cases studied by necropsy and also clinically 

III 125 cases studied clinically only 

These cases are here enumerated in then lespective groups, chrono- 
logically with a recoid of year, age, sex and roentgenogram and electro- 
cardiogram if taken 

I Cases studied by necropsy only 

(1) Eschenbach,ioi 1769, male, 6 years, (2) Otto,-^® 1824, new-born 
child, (3) Breschet,®’’ 1826, (4 and 5) Boerhaave,®® male and female 
adults, (6) Nortlirup,245 1888, female, 31 days, (7) Kundrat,®-®® 1888, female, 4 
ueeks, (8) Dalton,®® 1898, male, 15 years, (9) Wenner,®®® 1909, female, 10J4 
years, (10) Garvin,^®" 1927, age and sex^ 

II Cases studied by necropsy and also clinically 

(1) Pope,2®^ 1882, male, 41 years, (2) Reddingius,®"® and Graanboom,!®® 1889, 
1891, male, 33 years, (3) Holt,i®® 1890, male, 15 months, (4) Grunmach,^^® 1890, 
male, 15 years, (5) Birmingham,^® 1892, female, 20 years, (6) Lochte,®®'^ 1894, 
male, 46 y'ears, (7) Lowenthal,®®® 1900, female, 10 months, (8) Baumgarth,®^ 

1902, sex 11 months, (9) Lucchi,®!® 1902, male, 63 years, (10) Wendling,®®^ 

1903, male, 43 years, (11) Wright and Drake,®®® 1903, male, 10 months, (12) 
Pal ®®i and Gruss,^^" 1909, 1888, female, 49 years, roentgenogram, (13) Nagel,®®® 
1909, female, 1 month, roentgenogram, (14) Foggie,ii<‘ 1910, male, 2 10/12 years, 
roentgenogram, (15) Campergue,®® 1912, male, 8 years, (16) Alorgan,®®^ 1916, 
female, 9 months, roentgenogram, (17) Mautner and Lowy,®^® 1921, male, 5 
years, roentgenogram, (18) Ratner, Abbott and Beattie,®^® 1921, female, 17 days, 
(10) Plumier-Clermont,®®® 1924, sex 14 months, electrocardiogram, (20) Reg- 
giani,®’'^ 1925, female, months, (21) Pol ®®i and Bahn,®® 1925, male, 40 years, 
roentgenogram, electrocardiogram , (22) AlacCallum and Resnik,®ii 1926, sex 
10 weeks, electrocardiogram, (23) Biedermann,^® 1926, female, 36 years, roent- 
genogram, electrocardiogram , (24) Rach,®^i 1927, male, 4 months, roentgenogram, 
electrocardiogram, (25) Rosier ®S8 and Spitzer,®®® 1929, 1930, male, 6 years, 
roentgenogram, electrocardiogram, (26) Shapiro,®®'^ 1930, male, 14 months 

III Cases studied clinically only 

(1) Jasinski,!®' 1861, male, 25 years, (2) A'losler,®®® 1866, male, 20 years, (3) 
Schroetter,®®® 1870, male, 32 years, (4) Bienfait,47 1873, age and sex ^ (5) 
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Accolas,^ 1875, male, 52 years , ( 6 ) Ziemssen,^®^ 1876, male, 28 years , (7) Mos- 
]er,23G Falck,io3 1877, female, 36 years, (8) Leichtenstern,!'’" Wehn,3i7 hig case 
2, 1880, male, 19 years, (9) Henoch, 1880, female, 11 years, (10) Bramwell,®^ 
1881, male, 39 years, (11) Theocare,332 1881, male, 54 years, (12) Wehn,^^’' case 
1, 1882, male, 27 years, (13) Mayerhofer,^!^ 1883, male, 30 years, (14) Van 
Zant,33s 1884, male, 31 years, (15) Sussmann,33o 1887, male, 15 years, (16) 
Schroetter,'*03 1887, male, 22 years, (17) Anselmi,!^ 1888, male, 20 years, (18) 
Michel,--^ 1888, male, 22 j’^ears, (19) Grunfeld,^^'" 1889, female, 44 years, (20) 
Wilks and Moxon,3s° 1889, female, 3 years, (21) Adie,'*’ 1890, female, 25 years, 
(22) Arnaud,^’’ 1891, male, 32 years , (23) Becker ,38 1891, male, 25 years , (24) 
Schott,304 1891, male, 46 years, (25) Hawkins,^®'* 1891, male, X2 years, (26) 
Bard,39 1892, female, 16 years, (27) Carmichael,'^! 1893, male, 7 years, (28) 
Storen,32s 1894, male, age ^ , (29) Schroetter,305 1894, male, 21 years , (30) Gm- 
geot-Bard,33 Petit and Ravaut,35o 1895, 1897, 1898, male, 30 years, (31) Sobieraj- 
czyk,3i3 Vehsemeyer,3i2 1896, 1897, male, 15 years, roentgenogram, (32) 

MacLennan, 2!2 1869, male, 15 years, (33) Gerrard,!32 1896, female, 26 years, (34) 
Berks,^3 1896, male, 3^4 years, (35) Bramwell,®® 1896, female, 5 years, (36) Mid- 
dleton,225 1898, male, 38 years, (37) Senator,3!0 1899, male, 6 years, roent- 
genogram, (38) Leo,!38 1899, male, 8 years, roentgenogram, (39) Angyan,!^ 1899, 
female, 21 years, roentgenogram , (40) Bonheim,^! 1900, male, 7 years, roent- 
genogram, (41) Cnspmo,33 1900, female, 55 years, roentgenogram, (42), 
Schmihnsky,302 1 900, female, 9 years, roentgenogram , (43) Chapman,’^! 1900, male, 
40 jears, (44) Frommer,!^! 1900, female, 52 years, (45) Monks,333 1901, male, 28 
years , (46) Gossage.^^s 1901, female, 46 years , (47) Ziemssen and Rieder 3!° 
1902, male, 16 years, roentgenogram , (48) Darnall,®! 1902, female, 69 years , (49) 
Wagner, 3!5 1902, male, 23 years, roentgenogram, (50) Flatau,!!! 1903, female, 37 
3 'ears, (51) Parkinson,^®! 1903, male, 6 years, (52) Benfey,3o 1903, male, 6 years, 
(53) Mclver,3i3 1905, male, 32 j^ears, (54) Quadrone,3!0 1905, male, 25 years, 
roentgenogram, (55) Hochsinger,!38 1906, sex? 7 months, i oentgenogram , (56) 
Sheffield, 3!! 1906, female, 8 >ears, roentgenogram, (57) Neumann,^!! 1906, male, 
20 j'Cars, roentgenogram , (58) Aufdermauer,^! case 1, 1907, male, 50 years , (59) 
Aufdermauer, case 6, male, 30 years , (60) Aufdermauer, case 7, female, 76 
years, roentgenogram, (61) Doolittle,®* 1907, male, 41 years, (62) Tate,33i 1907, 
male, adult, roentgenogram, (63) Hawthorne,!®* 1907, male, 11 years, (64) 
Scandola,®®® 1909, male, 40 years, (65) Carpenter, 1909, sex?, 5 years, (66) 
Cautley,?® 1909, male, 7 years , (67) Whyte,®®* 1910, female, between 5 and 10 
3 'ears, (68) Stoerk,323 1911^ male, 11 years, electrocardiogram, (69) Geissler,!3o 
1911, male, adult, (70) Vanderwelde,®*® Cantineau-Vandeput,33s ipn^ 1912, male, 
14 j^ears, roentgenogram, (71) Brooks,®® 1911, female, 13 years, (72) Culcer- 
Petresco,®® 1912, female, 9 years, roentgenogram , (73) Giovannmi,!®® 1913, 
female, 67 j^ears, roentgenogram, (74) Tison,333 1914 ^ sex?, 4 years, roentgeno- 
gram, (75) Botten,®3 1914, female, 36 years, roentgenogram, (76) Moffett and 
Neuhof,33® 1915, male, 3j4 years, electrocardiogram, (77) Martin,®** 1915, male, 
19 j-^ears, roentgenogram, (78) Stolkind,®®® 1816, male, 52 years, roentgenogram, 
(79) Aitken,*® 1917, male, 17 years, roentgenogram, (80) Clerc and Bobrie,®® 
1917, male, 29 years, roentgenogram, (81) Boruttau and Stadelmann,®® 1917, age 
and sex?, roentgenogram, electrocardiogram, (82) Indemnas,*®® 1918, male, 25 
years, roentgenogram, (83) Duval,®* 1919, male, adult, roentgenogram, (84) 
Parsons-Smith,®®® case 3, 1919, male, 31 years, (85) Parsons-Smith, case 4, male, 
27 years, (86) Hesselgren,*®® 1919, sex’, 14 days, roentgenogram, (87) Wein- 
berger,®*® case 1, 1919, male, 47 years, roentgenogram, electrocardiogram, (88) 
Weinberger, case 2, female, 21 years, roentgenogram, electrocardiogram, (89) 
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Vaquez and Donzelot,'*^’^ case 2, 1920, male, 21 years roentgenogram, electrocardio- 
gram, (90) Reinberg, same as case 5 of Mandelstamm and Reinberg,2i3 1922, 
male, 35 \ears, roentgenogram, electrocardiogram, (91) Fumaioli,i24 1922, female, 
18 months , (92) Mej er,223 1923, female, 17j4 years, roentgenogram, electrocardio- 
gram , (93) Curschmann,88 1924, male, 40 years, electrocardiogram , (94) Jones,i*’» 
case 3, 1924, female, 35 years, roentgenogram, electrocardiogram, (95) Jones, case 
4, male, 27 jears, roentgenogram, electrocardiogram, (96) Fulchiero and 
Bruno,i23 1924, male, 22 years, roentgenogram, electrocardiogram, (94) Augey,^- 
1924-1925, age?, sex?, (98) Gorter,i34 case 1, 1925, sex?, 4 months, roentgenogram, 
electrocardiogram, (99) Gorter, case 2, sex?, 2 years, electrocardiogram, (100) 
Gorter, case 4, female, 7 years, roentgenogram, electrocardiogram, (101) Gorter, 
case 5, sex’, 4 months, (102) Capon and Chamberlain,®® 1925, female, 26 months, 
roentgenogram, electrocardiogram, (103) LeWald,®®^ 1925, female, 24 years, roent- 
genogram, electrocardiogram, (104) Ponzio,^®® 1926, sex?, age?, roentgenogram, 
(105) Gautier and Coeytaux,i28 1926, male, 18 months, roentgenogram, electro- 
cardiogram, (106) Lenk,!?® 1926, female, 14 years, roentgenogram, electrocardio- 
gram, (107) Colvin,®® 1926, female, 28 jears, roentgenogram, electrocardiogram, 
(108) Prendergrass,-®® 1927, sex?, age?, roentgenogram, (109) Aime,® 1927, sex?, 
age?, roentgenogram, (110) Krestm,?®^ 1927, female, 30 years, roentgenogram, 
electrocardiogram, (HI) Milam,®®® 1928, female, 27 years, roentgenogram, (112) 
Loben,®®® 1928, male, 22 years, roentgenogram, (113) Mandelstamm and 
Reinberg,®!® case 6, 1928, male, 36 years, roentgenogram, electrocardiogram, (114) 
Mandelstamm and Reinberg, case 7 sex and age?, roentgenogram, (115) Mandel- 
Stamm and Reinberg, case 7a, female, 7 years, roentgenogram, electrocardiogram, 
(116) Mandelstamm and Reinberg, case 7b, sex?, 15 vears, roentgenogram, elec- 
trocardiogram, (117) Mandelstamm and Reinberg, case 9, female, 14 years, 
roentgenogram, electrocardiogram, (118) Strothmann,®®® 1929, male, 9 years, 
roentgenogram, electrocardiogram, (119) Rosier,®®® case 1 (see Rosier and 
Spitzer s case with necropsy) , case 2, 1930, male, 17 years, roentgenogram, elec- 
trocardiogram , (120) Rosier, case 3, female, 11 years, roentgenogram, electro- 
cardiogram, (121) Rosier, case 4, male, 33 years, roentgenogram, electrocardiogram , 
(122) Rosier, case 5, female, 36 y^ears, roentgenogram, electrocardiogram, (123) 
Rosier, case 7, male, 27 years, roentgenogram , (124) Lichtman, case 1, 1931, 
female, 21 years, roentgenogram, electrocardiogram, (125) Lichtman, case 2, 
male, 46 years, roentgenogram, electrocardiogram 

Anal} SIS of the cases collected fiom the hteratuie, totaling 161 
(including 2 personal cases), indicates that the majoiity occur in males 
(87 and 51) and that there is a greater incidence in the first three 
decades of life In the entiie series only 3 cases proved clinically and 
anatomically to be uncomplicated by a congenital cardiac malformation 
(Pope, Lucchi, Wendlmg), while 45 (of 150 cases) were frankly 
complicated with clinical symptoms and signs of congenital cardiac 
disease Rosier denied the existence of an uncomplicated case The 
nature of the malformations m these cases is listed as follows 

Pulmonary stenosis and septal defect 

Clinical (7 cases) Wehn, case 2, Hawkins, Fumaioli , Strothmann, 
Wardrop, Griffith’, Bonheim’, Lenk? 

Necropsy (4 cases) Baumgarth, pulmonary^ artery absent , Campergue , 
^lautner and Lowy Biedermann 
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Pulmonarj" stenosis, ventricular septal defect, patent foramen ovale or auricular 
septum defect 

Necrops}' (5 cases) Holt, Grunmach , Birmingham, Nagel, pulmonary a rterv 
absent, Plumier-Clermont 

Pulmonary stenosis, ventricular septal defect and patent ductus arteriosus 
Clinical (2 cases) Berks, Aloffett and Neuhof , with patent foramen ovale 
Necropsy (1 case) Rosier, Spitzer, with patent foramen o\ale 
Disease of pulmonarj artery alone 

Clinical (4 cases) jMayershofer^ , Adie, Gorter, cases P and 4 
Auricular septal defect or patent foramen ovale and \entricular septal defect 
Clinical (1 case) Lichtman, case 2^ 

Necropsj (3 cases) MacCallum and Resnik , W right and Drake , Shapiro , 
pulmonarj arter^ absent 
Septal defect alone 

Clinical (8 cases) BramwelP , AliddletoiP , Hochsinger, Culcer-Petresco 
Parsons-Smith, case 4, Fulchiero and Bruno, Milam, Lichtman, case 1 
Necropsj (1 case) Lochte 

Patent ductus arteriosus, vith auricular and ventricular septal defects 
Necropsy (1 case) Reggiani 

Patent ductus arteriosus auricular septal defect, aortic stenosis 
Necrops\ (1 case) Ratner , Abbott and Beattie 
Patent ductus arteriosus and foramen ovale 
Clinical (1 case) Weinberger, case 2 
Aortic stenosis 

Clinical (1 case) Curschmann 
Necrops} (2 cases) Pal, Gruss, Pol, Balm 
Patent foramen ovale or auricular septal defect alone 
Nccrops} (1 case) Foggie 

In seven cases of the seiies theie was a histor} of acute aiticulai 
rheumatism (Giunfeld, Gen aid, Gossage, Parkinson, Mclvei , Wein- 
berger, case 1 , Rosier, case 4) , in fouiteen, acquired valvulai disease 
(Theocard, Bard, Ang}an [ ^] , Quadione [ ^] , Hawthorne, Geissler, 
case 5, Jones, case 4, Kiestui, Pope , Giaanboom , Lucchi, Pol, 
Bahn, Aufdeimauei, case 7 , ^^elnbelgel, case 1), m four, signs of 
cardiac hypei trophy alone (Vehsemeyei, Hosier, Bienfait, Arnaud), 
and m eight, only s}mptoms of caidiac tiouble (Accolas, Schott, 
Gingeot, Bard, Petit and Ravaut, Dai nail, Stoerk, Giovannim, Meyer, 
Jones, case 3) Forty-tw^o cases showed definitely noimal heart sounds 
and 6 cases that came to necropsy had shown noimal sounds (Lowen- 
thal, Baumgaith, Wendhng, Wright and Drake, Roslei, Spitzei , 
Shapiro) A histoiy or evidence of extiacardiac intiathoiacic disease 
(pleuiisy, pneumonia, pulmonan tuberculosis, pericarditis) was present 
111 32 cases and thoracic asymmetiy oi defoimity of scoliosis of the 
dorsal spine in 23 cases 

In 10 cases in which the lelative position of the testicles was noted 
only in 1 case w^as the right longer (Scandola) In 15 cases in which 
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dexterity was consideied, left-handedness occurred in 5 (Parsons- 
Smith, case 4, Doolittle, Bonlieim, Sobieryczyk, Vehsemeyer, Hosier, 
Falck) 

Inversion of the chambers of the heart was claimed in 19 cases 
of the series 

Physical signs only (3 cases) Hosier, Sussmann, Schroetter 
Roentgenograms (2 cases) Schmilinsky, Weinberger, rase D 
Electrocardiogram (10 cases) Moffett and Neuhof, Aleyer, LeWald, Gorter, 
case 5, Capon and Chamberlain, Moffett and Neuhof, case 9, Strothmann, Rosier, 
Spitzer , Rosier, case 5 , Lichtman, case 1 

Necropsy (4 cases) Graanboom, Breschet, Ferrein, Eschenbach, Rosier, 
Spitzer 

It IS of interest to note that the 3 uncomplicated cases in the series 
(proved by necropsy) belong to the type of dextrocardia with normally 
related chambers 

Significant i oentgenographic and electrocai diographic features and 
points of diagnostic significance will be discussed under their respective 
headings 

In table 1 aie tabulated the findings in the only 4 cases in the litera- 
ture which were studied clinically, by roentgenogram, electrocardio- 
gram and by necropsy 


(To be concluded) 



Book Reviews 


The Development of Physiological Chemistry in the United States 
By Russell H Chittenden American Chemical Society, Monograph 
Series Price, S6 Pp 427 New York The Chemical Catalog Company, 
Inc, 1930 

This monograph constitutes an evcellent review of the major part of the 
graduate instruction and more important investigative work m physiologic chem- 
istry m most of the educational and research institutes in the United States The 
historical treatment m the first part of the book clearly shows the influence of 
European training on the earlier physiologic chemists of the United States as well 
as the later and rapid growth of a new school, largely through the development 
of separate departments of physiologic chemistry or biochemistry in the larger 
institutions The author later emphasizes that the subiect of physiologic chemistry 
should be recognized and “treated as a pure science unhampered in its growth by 
any form of application,” that it “should have perfect freedom to progress and 
expand in any and all directions without regard to possible applications” and 
that “applications will come fast enough as the science advances ” Many phases 
of biologic chemistry are reviewed very fairly and relatively completely, while 
other contributions of equal importance or prominence or equally recent and of 
equally long standing are rather conspicuously absent It was, to be sure, impos- 
sible to include all American contributions to physiologic chemistry m so limited 
a volume, but it may be questioned whether the space now devoted to enumerating 
academic records of men, similar to the information given m “American Men of 
Science,” had not been utilized more profitablv and fairly for the addition of 
obvious omissions The Yale influence is, of course, obvious in many instances, 
partly because of its real influence and secondly because of the author’s years 
of association and interest 


Affections douloureuses de l’intestin terminal By C Bonorino 
Udaundo and L V Sanguinetti Price, 9 francs Pp 24 Pans 
Gaston Dom, 1931 

The chief value of this publication is that it calls attention to the so-called 
functional pains m the recto-anal regions The author contends that pain asso- 
ciated with conditions m the lowest colonic segments is sufficiently characteristic 
so that one is usually able to suspect the cause 

The anatomy of the rectum and anus is described, following which functional 
pains are discussed in some detail Such pains are either lancinating or severe 
burning with griping, occur most frequently at night, last from ten minutes to 
an hour, are influenced rery little by defecation, and appear m attacks with intervals 
of freedom They are really neuralgias Illustrative cases are cited It is pointed 
out that functional pains may be present with some organic lesions , for example, 
hemorrhoids, and that surgical treatment for such a painful condition usually 
fails to give relief No one satisfactory treatment is known 

Pams due to organic lesions are discussed, but this adds little to the general 
knowledge of these conditions 
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The I^TER^ATIO^^AL Medical Annual for 1931 Edited by Carey F Coombs 
and A Rendle Short Price, §6 Pp 551 New York William Wood 
& Company 

This IS the forty-ninth year book, written bj^ English and Canadian authors 
The editors’ purpose is to furnish a digest of the world’s medical literature, criti- 
cally considered and reduced to a small bulk by competent authorities As a rule, 
patholog}’- is not included m the discussions, but particular attention is called to 
new and improved methods of diagnosis and treatment that seem promising Each 
article is signed, so that the reader may know the identitj' of the author The 
subjects are arranged alphabeticalh , and ample references are given 

The Annual has an interesting introduction by the editors which outlines many 
of the new and important advances in medicine during the year These are 
covered m greater detail m the book A section on diseases of the teeth is included 
m this edition The articles are well written, and the authors have confined them- 
selves to matters of importance As must be expected m such a book, minor 
details cannot be included, but the original articles are always referred to 

The book is valuable to any one doing general work who does not have much 
time for extensive reading All branches of medicine are covered, and a wealth 
of material is condensed in a readable manner 


La. folie et la glerre de 1914-1918 Bj A Rodiet and A Fribolrg-Blanc 
Price, 30 francs Pp 194 Pans Felix Alcan, 1930 

This book represents a study of about 2,500 observations of mental disturbances 
arising among French troops during the World War, m an attempt to answer the 
following questions 1 Are there war psychoses constituting special mental dis- 
eases differing m origin and evolution from the ordinary psychoses in times of 
peace ^ 2 Does war favor the development of the usual psychoses observed in 
times of peace and increase their number^ 

The first question is answ'ered m the negative The second question is answered 
in the affirmative, and arguments are presented to prove that the increase m 
number of the usual psychoses is due to exciting causes such as emotional shocks, 
physical misery, w'ounds, contusions, infections and intoxications (especially alcohol) 
w’hich are augmented by the conditions of w'ar 


Grlxdzuge der Neurochirurgie By Walter Lehmann Price, 13 50 marks 
Pp 197 Leipzig Theodor Steinkopff, 1930 

In this small volume are considered in brief the operative procedures that have 
to do w'lth most of the neurosurgical conditions of the central nervous system 
It IS obvious that in so few pages very little detail has been attained Neverthe- 
less, for a general surgeon the conceptions of the neurosurgeon are well expressed 
That holds especially for traumatic lesions of the brain, fracture of the skull and 
intracranial hemorrhage As far as the tumors themselves go, the subject matter 
IS totally inadequate 

The author discusses surgery of the peripheral nerves of the vegetative nervous 
system, of painful diseases and of spastic paral 3 '’sis, so that a general survey of the 
neurosurgical methods can be obtained from a perusal of this work The book 
IS highly recommended for the general surgeon The specialist, how^ever, will not 
gam much from it 

Cancer By Willy Meyer Price, §7 50 Pp 427 New^ York Paul B Hoeber, 
Inc , 1931 

This volume of 427 pages includes both an experimental and a clinical studj-^ of 
the etiology and treatment of carcinoma There is an enormous collection of 
evidence of various sorts indicating the presence of alkalosis as the most important 
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etiologic factor, and the author’s treatment is based on trying to reverse the 
metabolic status in tlie production of an acidosis 

While the reviewer would not subscribe to the acceptance of the interpretation 
placed on the evidence by Dr Meyer, either clinically or experimentally, he feels 
that the book is worth while simply as a compilation of data and a statement of 
the present standing of a very controversial subject 

Les reactioxs vaso-motrices DU roiE, EN CLINIQUE By Dr Roger 
Glenard, Pans Paper Price, 30 francs Pp 240, with 19 illustrations 
Pans Gaston Doin, 1931 

This IS another monograph of the usual type on the diagnosis and therapy 
of disorders of the liver, not so much disorders of hepatic function, as disorders 
of the size and position of the liver Methods of palpitation, roentgen outlining, 
etc, are described in detail, and figures are presented It is a useful manual for 
the physician familiar with the French language, but contains nothing particularly 
new 


CORRECTION 

In the article by Dr Eh Moschcowitz entitled, “The Relation of Achlorhjdria 
to Pernicious Anemia,” in the August issue (Arch Int Med 48 171, 1931), 
0 21 per cent at the end of the fourth line from the bottom on page 172 and at 
the beginning of the sixth line from the top of page 173, referring to the incidence 
of achlorhydria, should read 2 1 
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THE INFLUENCE OF SOLAR RAYS ON 
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JAMES H SMITH, MD 

RICHMOND, VA 
CONTENTS 

Introduction 

The Effects of Solar and Ultraviolet Rays on Metabolism 

The Influence of Radiant Energy and Latitude on Carbohydrate Metabolism 

The Present Status of Water-Soluble Vitamin B 

Sulphur Metabolism and the Relation of Cystine to Solar Irradiation 

Superficial and Remote Effects of Exposure to Radiant Energy 

The Theory of a Deficiency of Food as the Cause of Pellagra 

Metabolism in Pellagra 

Goldberger and Wheeler’s Experimental Pellagra m White Male Convicts (m 
Mississippi, 1920) 

Experimental Black Tongue of Dogs and Its Relation to Pellagra 
Comparative Data on Pellagra Among Prisoners of War m Egypt 
Koch and Voegthn’s Experiments with a Restricted Vegetable Diet in Monkeys 
‘ Creatinuria and the Age and Sex Incidence of Pellagra 
Geographic Distribution of Pellagra in Relation to Isothermal Lines 
Certain Features of the Physics of Solar Radiation 
The Influence of Season and Latitude on Metabolism 
The Far North 
The Tropics 

Latitude of Boston and Chicago (42°N ) 

Latitude of the Southern United States 
Definition of Cloudiness 

Accustomed Radiant Energy and Deviation Therefrom 

The Seasonal Incidence of Pellagra m Nine Southern States, from 1925 to 1929, 
Inclusive, m Relation to Solar Radiation 
Variations m the Annual Incidence of Pellagra Within the Pellagra Belt 
Humidity 

Delayed Incidence or Momentum 
Areas with a Relatively High Prevalence of Pellagra 
The Incidence of Pellagra m Workers in Cotton-Mills 
Summary 
Conclusions 

Bibliography INTRODUCTION 

That there are biologic effects due to radiant energy is not open to 
question, and that some of these are related to pellagra seems probable 

’•'Submitted for publication, Dec 15, 1930 

■•■From the Medical Department, McGuire Clinic and St Luke’s Hospital 
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In epidemic or endemic disease, the experimental laboratory studies 
so necessary for scientific proof can larely be undertaken before a fairly 
complete survey of outstanding epidemiologic features has been made 
With legard to pellagra, it is believed that climatic factors, while often 
referied to, have not leceived the consideration requiied for an under- 
standing of the disease The significance of established factors in the 
etiology of any disease is not depreciated and may be enhanced by 
lecognition of other significant factors It is easy to imagine such a 
lesult in connection with pellagia when the etiology of rickets is con- 
sidered, with its interrelated influence of calcium and phosphorus 
imbalance and deficiency in vitamin D and in ultraviolet lays In this 
connection theie is recognizable a significance m the condition of the 
patient in relation to lack of exposure to ultraviolet rays similar to 
the relation between the resistance of the patient and the virulence of the 
infection One factoi may be present in a degree of intensity less than 
the average for the development of the disease, and the disease may 
still develop because of a gi eater than average intensity of another 
factor The same considerations possibly are applicable to pellagra 

Certain observations bearing on the influence of solar rays m metabo- 
lism and m pellagra will be presented, but the only support brought 
fiom experimental investigations is taken from the work of otheis 
The data are far from complete and are not always in agreement The 
available literature has been reviewed only in pait In geneial, the 
study is intended as a basis for turther experimental work and as a 
basis foi contemporaiy observation as suggested by analysis of past 
events However, under controlled experimentation and observation 
with a limited number of subjects, there would remain the possibility 
that the sampling or selection of subjects failed to take into account 
some undetermined factor of individual metabolism present in some 
but not in others of the geneial population and conditioning the end- 
result Such an explanation may account for the fact that a condition 
considered to be pellagra developed m only six of Goldbergei and 
Wheeler’s experimental subjects 

The more significant climatic factoi s are tempeiature, humidity, 
movement of air (wind) and sunlight Various studies have been 
undertaken to determine their exact influence on both plant and animal 
life, including that of man For example, Tsi-Tung calculated 

partial correlation coefficients for the influence of these factors on the 
suction force of sap in certain plants, and he gave a coefficient of 163 
for the temperature of air, 445 for the intensity of light and 469 for the 
relative humidity In the human subject, when the relative humidity is 
100 per cent, the minimum metabolism occuis when the temperature of 
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the air is flora 75 to 80 These factois will be ref ei red to again, 
and the effect of ultiaviolet iriadiation on raetabohsra will be considered 
in detail 

On leaching the eaith’s smface, solar ladiation is affected by seveial 
factois, including latitude and season With regard to seasonal variations 
in biologic phenoraena, many instances are matters of common knowl- 
edge and many otheis aie well established thiough special investigation 
and obseivation Raiely is it possible to assign distinct and independent 
significance to a single climatic factoi, and what influence any factor 
has may be mediated through any one oi more of several factors, such 
as vegetation, the intake of vegetables and mineral and animal food, 
bacteiial or paiasitic invasion, or the tiansmission of disease through an 
intermediate host, such as the mosquito 

Noith of the equator (and all refeiences are to the northern hemi- 
spheie unless otheiwise stated), the summei and winter seasons piesent 
the opposite phenomena of maturing and decaying vegetation In 
summer, the intake of protein is deci eased, and in the winter it is 
inci eased In summei, the iodine content of water and salt is deci eased, 
and the resistance of white mice to nitrile is decreased In the latitudes 
fiom which these data aie reported, the iodine content of the thyioid 
gland is lowest in Maich, and about the same season the development 
of goitei IS highest Following the wmtei months, rickets also i caches 
Its highest seasonal incidence, along with its obseived distuibance of 
calcium-phosphorus metabolism The list could be extended The 
seasonal variations of pellagia will be leserved for further discussion 

As introductory and suggestive of ceitam of the ideas to be 
developed, attention is diiected to ceitam studies of Paiamecia and of 
the lens of the eye 

Paramecia were subjected to ultiaviolet rays that had previously 

f f /NH„ ] 

passed through solutions of cystine Ij m sodium 

hydroxide The time of exposuie lequired to produce fatal lesults was 
1,200 seconds, if the ultiaviolet lays fiist passed through the cystine solu- 
tion, as compared with 150 seconds in the controls Fiom this it is argued 
that susceptibility of piotoplasm to ultiaviolet ladiation is conditioned by 
the selective absoiption of the toxic rays by cystine — and certain aro- 
matic ammo-acids Ward,^^^ m his studies ot the absorption spectra 
of amino-acids, found that cystine was the only ammo-acid that had 
any maiked absoiption m the legioii of solai ultraviolet lays It would 
appear that the lelatively high concentration of cystine in wool and hair 
IS of physiologic importance m the piotection of the organism against 
the haimful effects of piolonged exposure to sunlight The eyelashes 
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may be endowed with a function more delicate than that of protecting 
the e3^e against the entrance of foreign bodies 

Light of wave length 760 to 380 m/t (the lower limit being variable and 
depending to some extent on the age of the individual) penetrates to the retina 
and IS perceived as visible light Light from 380 to 295 m;* is absorbed by the 
lens and causes it to fluoresce Light of wave length shorter than 295 m/t is 
absorbed by the cornea and conjunctiva, producing a severe ophthalmia 

Although It IS possible that heat may be a contributing cause in glass-blowers’ 
cataract, there is no evidence of injury to the eye by heat except in eclipse blind- 
ness, which IS probably due to heat coagulation of the retina 

Light from 295 to 385 m/^ although absorbed by the lens, produces no ill effect 
as a rule Most proteins are coagulated by the ultraviolet light which they absorb, 
but the lens protein seems to be resistant in this respect, at any rate for the wave 
lengths 295 to 385 mM The light absorbed by the lens causes a strong fluorescence 
in it, and Burge suggests that the fluorescence constitutes a protective reaction, 
but the nature of the protection is not clear It may be mentioned, as a matter 
of interest, that in some nocturnal animals (rats, mice) the lens does not fluoresce 
to waves of this length Burge has shown by a series of ingenious experiments 
that, in the presence of certain salts, lens proteins coagulate with light longer than 
300 mA^, and he supposes that a combination of nutritive disturbances and strong 
light may account for the development of cataract With this possible exception, 
however, the light absorbed by the lens is harmless 

Laurens stated that there are two lathei diveigent and apparently 
conflicting ideas as to the influence of radiant energy as a causative 
element in the production of cataract Both of them may be found to 
be compatible, for either the infra-red or the ultraviolet radiation may 
superinduce cataract under certain ph) siologic conditions of which 
nothing IS as yet knowm (Sheard) 

Gradle has recently piesented statistics as to the age of patients 
in various parts of the northern hemisphere operated on for senile 
cataract 

Table 1 gives the statistics and shows the geogiaphic location of the 
surgeon as given by Gradle A notation of the latitudinal location is 
also included Theie is a noticeable tendency for the patient with cataract 
to be operated on earlier in the legions neaier the equator Wright, in 
order to furnish a comparison of an equal number of Indian cases with 
the 4,230 Caucasian cases, cairied his study far enough to serve this 
purpose, and he found that the Indian percentages remained practically 
what they were when woiked on the first 500 tabulated At Memphis, 
the next most southerly clinic quoted, the patients weie not so young as 
the Indian patients, but were somewhat younger than the Caucasian 
group as a whole, as repiesented by the American and European cities 
farther north and including Memphis In discussing the comparison 
between the Caucasian and the Indian people, Elschmg, of Prague, con- 
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sideied that it furnished good proof for the words that Hirschberg 
wrote in 1898 in the “History of Ophthalmology” “Under the glowing 
sun of India, cataract ripens fully twenty years earlier than with us ” 

Among the tissues of the body which give a strongly positive nitroprusside 
reaction, is the lens of the e 3 "e Goldschmidt has studied the cysteine content 
of the lens of cattle at various ages, as determined by the ability of the tissue to 
form hj'drogen sulphide from elementary sulphur according to the general 
reaction 

R — SH R — S 

+ S= | + H=S 

R — SH R — S 


Table 1 — Age of Patients Opeiated on foi Senile Cataiact and Geographical 
Location of the Surgeon, as Reported by Gradle 


Degrees Minutes 


1 Benedict 



Rochester 



43 

30 

2 Derby 



Boston 




42 

30 

3 EUett 



Memphis 



35 


4 Elsehnig 



Prague 




50 


5 Kalt 



Pans 




49 


6 Knapp 



New York 



41 


7 Meller 



Vienna 




48 


8 Sinclair 



Edinburgh 



56 


9 van der Hoove 



Leiden 




52 


10 Wessely 



Munich 




48 


11 Wright 



Madras 




12 


12 Gradle 



Chicago 



42 
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50 60, 
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Latitude, 
Kumber Degree 


per 
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per 

per 
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per 

Cases 

Cent 

Cent 

Cent 

Cent 

Cent 

Cent 

Cent 

8 so 

250 

08 

20 

40 

21 8 

38 8 

28 8 

40 

9 52 

100 

00 

00 

20 

16 0 

39 0 

31 0 

12 0 

4 50 

1,000 

500 

00 

07 

60 

21 1 

41 8 

27 2 

26 

5 49 

1 0 

16 

68 

18 8 

37 6 

30 6 

38 

7 48 

500 

00 

00 

30 

20 2 

40 4 

33 2 

32 

10 48 

509 

00 

00 

29 

12 6 

36 9 

417 

59 

1 43 

571 

07 

40 

68 

21 9 

35 0 

25 2 

64 

2 42 

100 

00 

00 

60 

20 0 

45 0 

28 0 

1 0 

12 42 

100 

00 

00 

70 

16 0 

39 0 

26 0 

12 0 

6 41 

100 

00 

10 

1 0 

24 0 

41 0 

27 0 

60 

3 35 

500 

06 

38 

91 

22 0 

32 4 

27 2 

46 

11 12 

500 

02 

44 

15 8 

29 6 

41 2 

8 4 

04 

Average 

4,730 

0 21 

1 40 

5 86 

20 28 

38 05 

27 74 

5 56 

Caucasian average 

4,230 

0 23 

121 

5 04 

19 51 

38 83 

29 58 

5 60 

Indian average 

500 

02 

4 4 

15 8 

29 6 

41 2 

84 

04 


The cysteine content of the lens, as determined by this method, varied little in 
calves between the ages of 8 days and 1 year, but there was a diminution of the 
cysteine content of the lens in adult life (1 3386 per cent cysteine in the lens of 
calves, 0 5820 per cent m the lens of cattle 8 to 17 years of age) No differences 
could be observed in the total sulphur content of the lens at different ages 

In cataract of the lens, however, the nitroprusside reaction was absent and the 
lens was unable to reduce elementary sulphur to hydrogen sulphide If the lens 
was first treated with sodium sulphite (which reduces cystine to cysteine) the 
cataract tissue behaves as a normal lens, thus demonstrating that the failure of 
hydrogen sulphide formation was due, not to a cystine deficiency, but to the 
inability to form cysteine 
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Goldschmidt considers that the amount of cysteine present may determine the 
oxidative processes of the lens and pla} an important role in the pathology of 
cataract 

THE EFFECTS OF SOLAR AND ULTRAVIOLET RAYS ON METABOLISM 

In examination of the data with refeience to the effects of solar and 
nltiaviolet rays on metabolism discrepancies aie noted, due doubtless 
at times to lack of standards of measuiement of the rays and of 
influences by which they are modified, and to differences in the human 
and other animal subjects The usual caution in applying to man the 
results of animal experimentation is necessary In particular, with 
regard to vitamin B, birds and mammals appeal to have different 
requirements, and it is further important to keep m mind a distinction 
between normal subjects on normal diets and abnormal subjects on 
abnormal diets Attention will be directed more especially to the facts 
of protein metabolism as represented by nitrogen and sulphur, and to 
the basal metabolism 

Weiner (quoted by Laurens earned out two long experiments on 
normal men, giving them irradiations fiom a caibon arc that did not 
have an ultraviolet ray shorter than 290 mm , being comparable, there- 
fore, to solar rays During iriadiation, the excretion of nitrogen was 
diminished, while after it there was a shift to a nitrogen equilibrium on 
a higher level than that piesent during the preliminary period and the 
negative balance became positive Koenigsfeld, using a quartz mercury 
lamp, reported an opposite initial disturbance, but the same end-result 
of an increased letention of nitrogen In Weiner’s observations, the 
excretion of sulphur was not affected Koenigsfeld found the elimi- 
nation of sulphate increased The emphasis here possibly belongs on 
the fact that in normal subjects the nitrogen equilibrium was reestab- 
lished on a higher level than before, and there was a letention of 
nitrogen 

Eichelbergei 's report is of especial inteiest in view of the obseived 
low excretion of creatinine in pellagra Eichelbeiger found that the 
excretion of cieatinme is increased duiing an houi of irradiation (caibon 
arc or sunlight) and then deci eased for several hours, aftei which it 
leturns to the preliminary level Possibly the emphasis heie belongs 
on the secondary inciease as the normal reaction Heat was shown 
not to be a causatne factoi 

This IS Hammett’s conception of the conditions in sluggish ulcers of the 
skin (Hammett, reference 38) If further investigation should show that a 
similar disturbance of sulphur metabolism occurs m the tissues of the pellagrin, 
then b}^ a slight stretch of the imagination, cataract could be looked on as pellagra 
of the lens, and the glass-blowers’ cataract would represent the “dermal type,” 
while the senile, and perhaps the diabetic, cataract would represent the “sjstemic 
tjpe ” 
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Lauiens stated, “we might expect that transition from daikness to 
roomhght would produce lesults somewhat similai to iriadiation with 
a strong souice of ladiant energy, but it is somewhat surprising to find 
that a change fiom light to darkness shows similar if less pionounced 
effects ” The emphasis hei e seems clearly to belong on the influence 
of shifting conditions of ultiaviolet exposure and introduces the pim- 
ciple of acclimation, the possible significance of which m pellagia appeals 
largely to have been overlooked In a shift either way and following 

II radiation, theie is a stimulation of endogenous nitiogen metabolism 
resulting m a decrease m the balance These experiments, as Laurens 
said, aie indicative of a relationship between a positive or a negative 
vaiiation in the amount of ladiant energy acting on the organism and 
an initial disturbance of metabolism 

Mayerson, Gunthei and Laurens found that under the shifting 
influence of darkness to light, and vice versa, noimal adult dogs on an 
adequate diet showed an initial effect of increased nitrogen metabolism, 
as shown by an inci eased excretion of urea and creatinine, which usually 
deci eased to noimal by the end of the period 

From these and similai reports, the general conclusion seems to be 
wan anted that moderate irradiation of normal subjects does not result 

III permanent change in the metabolism of proteins, and that for a time 
there is a shift to a nitrogen equilibrium on a higher level 

THE INFLUENCE OF RADIANT ENERGY AND LATITUDE ON 
CARBOHYDRATE METABOLISM 

The effect of radiant energy on carbohydrate metabolism has also 
received some attention from investigators Buige and Wickwiie^- 
found that Paramecium caudatum utilizes all of the simple sugars dex- 
trose, levulose and galactose Dextrose and levulose are used more 
rapidly than galactose, as is the case with the higher animals 

Ultraviolet radiation decreases the utilization of the sugars by these 
animal cells, without at the same time killing or injuring the cells 
Ultraviolet radiation destroys insulin 

The addition of insulin to the liquid containing the organisms pie- 
vents the decrease in sugar metabolism by the ultraviolet rays The 
deciease in the utilization of sugar brought about by ultraviolet radiation 
IS attiibuted to the destruction of the insulin in the cells by irradiation 
Con and CorU'^ reported that during the summer months, rats 
exciete an average of 6 2 mg of total acetone bodies per hundred 
grams of body weight per twenty-four houis, from the twenty-fourth 
to the forty-eighth hour of fasting Duimg the wmtei months, the 
excietion of acetone bodies was only 1 9 mg The influence of tempeia- 
ture was excluded The ketosis was associated with a reduced capacitj 
of the tissues to oxidize dextrose 



914 


ARCHIVES OF INTERNAL MEDICINE 


Sundstroem concluded that the level of the blood sugar in the 
tropics not only never reached an excessive height, but lather tends to 
occupy low levels As a lule, descendants exhibit lower levels than 
immigrants Mills found that the death late from diabetes increases 
as the distance from the equator becomes greater Whether or not the 
observations of Sundstioem and of Mills will in any degiee find a basis 
111 those of Bulge and Wickwire and of Con and Con is problematic 
It appears rather that they tend to conflict Howevei, concerning the 
unicellular organisms studied by Burge and Wickwire, account should be 
taken of the possible influence in man of specialized tissue, such as the 
suprarenal glands, and the obseivations of Con and Con were in con- 
nection with rats during fasting rather than with the organism of man, 
on a diet normal for the environment 

THE PRESENT STATUS OF WATER-SOLUBLE VITAMIN B 

A disturbance of nitrogen metabolism in pellagra, as evidenced by a 
study of the partition of mtiogen in the urine, has been described by 
several investigators, particularly by Sullivan and his co-workers In 
contrast to the effects of ultraviolet irradiation under normal conditions 
IS the statement of Eckstein (quoted by Laurens®^), that rats on a 
vitamin-free diet lemam alive in comparatively good condition although 
their development is slow If they are given irradiation, they die in from 
twelve to thirty-one days, “the disturbed metabolism not being able to 
stand the additional strain put upon it by radiation ” 

Extensive and prolonged experimental investigation has failed to 
\ield an answer as to the chemical nature of the different factors 
involved in vitamin B, and the futility of attempting to deduce from 
observation the identity of the pellagra-preventive factor is too obvious 
to need comment The complexity of the problem as it stands at present 
IS cleaily outlined in Kruse and McCollum’s recent review, from which 
the following abstracts were taken 

There is a difference of opinion legarding the effect of ultiaviolet 
iriadiation on the antmeuntic principle Working independently, Zilva 
and Spmka agieed that the exposure of yeast to ultraviolet rays for 
twenty minutes at a distance of 6 inches (15 24 cm ) did not have any 
effect on the activity of its vitamins R R Williams, however, asserted 
that the antmeuntic factor m an aqueous yeast extiact was completely 
destio)'^ed by iriadiation for a few houis By spectrographic technic, 
Damianovich made the highly interesting observation that an active 
extract of yeast, although practically colorless, showed a characteristic 
absorption band between 2,478 emd 2,600 angstiom units, which seemed 
to correspond to that of pyrimidine compounds 
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There are unknown substances that accelerate the giowth of yeast 
The generic name “bios” is given to this class of substances Bios is 
not necessary for the growth of yeast, but makes it glow more lapidly 

Koch and Sugata reported that the studies of Swoboda m their 
laboiatory indicated that cystine stimulated the growth of yeast when 
added to certain mediums This suggested a more intensive study on 
the actual utilization of various forms of sulphur m the growth of yeast 
The authors reported this study in detail, finding that cystine stimulates 
the growth of yeast slightly in concentrations of from 1 to 4 mg per 
125 cc medium, but retards it m higher concentrations The stimula- 
tion IS less than that from certain other forms of sulphur 

Kruse and McCollum, in summarizing the relation of the pellagia- 
preventive factor to watei -soluble B, said that Goldbeiger and his 
co-woikers found 1 The antmeuritic factor (vitamin B sensu strict o) 
IS distinct from the pellagi a-preventive factor and does not m itself 
suffice for the growth of rats 2 If, as some mvestigatoi s have sug- 
gested, the term “water-soluble B” includes, m addition to the anti- 
neuritic factor, a so-called growth-promoting essential (possibly 
identical with Wildier’s bios), this, like the antmeuritic factor, is either 
inactivated by autoclaving or does not suffice by itself for the growth 
of the rat 3 The pellagra-preventive factor or some associated 
pellagra-preventive factor (possibly the so-called gi owth-promotmg 
factor) distinct from the antmeuritic vitamin, though not sufficing in 
itself for the growth of the rat, is, in combination with the antmeuritic 
vitamin, essential for growth m rats Thus, Goldberger and his asso- 
ciates confirmed Hendrick and Smith’s statement that there are two 
factors m water-soluble B which are necessaiy for the rat 

Lecoq has provisionally postulated the presence of four different 
vitamins of the B type m yeast the antmeuritic vitamin of Funk, the 
nutritive vitamin of Random and Lecoq, the antipellagrous vitamin of 
Goldberger and his associates and the growth-promoting vitamin of 
}east of Funk and Dubin 

Kruse and McCollum concluded that where there had been one sub- 
stance awaiting isolation, no one knows how many there are now At 
piesent there is no claiity m regard to the relation of the various essential 
components described by investigators, for instance, whether all of the 
thermostabile factors are identical (the pellagra-preventive vitamin 
IS thermostabile), or whether the alkah-stabile factor is the same as a 
thermostabile factor Moreover, Funk’s contention that bios is i elated 
to vitamin B as an essential factor for the growth m animals must not 
be forgotten This contingency piesents difficulties when it is remem- 
bered that bios has been separated into thiee fractions 
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Goldbeigei and Tannei thought that a deficiency of amino-acids is 
piobably the pninaiy etiologic factor in pellagra, although in 1920 
Goldberger and Wheeler had taken somewhat more latitude in then 
conclusions 

In relation to the production of pellagra, the dietary factors to be considered 
as probably essential are (1) an aimno acid deficiency, (2) faulty mineral supply 
or constitution and perhaps (3) an as yet unknown (vitamin^) factor As to 
uhich or what combination, or combinations, of these constitutes the specific 
pellagra-producing dietary defect or defects remains to be determined 

Various wi iters have taken exception to these conclusions Foi 
example, Mitchell,'® in 1924, thought that while it is clearly established 
that dietary error or eirors of some description are primarily lespon- 
sible for pellagra and that the presence of certain amounts of protein- 
rich animal foods, particularly milk and meat in the diet, is an effective 
preventive against this disease, the disease has not been definitely 
tiaced to deficiency of piotein or amino-acid, “even though the argu- 
ments of the proponents of this deficiency theory are granted toto" 
Enright concluded “I do not mean to suggest that a food deficiency 
can be quite excluded, but fiom the facts before us it can haidly be 
considered as of paramount importance ” Bigland ® and Wilson 
disagreed with Enright 

SULPHUR METABOLISM AND THE RELATION OP CYSTINE TO 

SOLAR IRRADIATION 

In 1919 and 1920, Sullivan and his co-workeis suggested that in 
pellagra the sulphur metabolism is abnoimal Cammuri, in 1910, and 
JNEers and Fine, in 1913, reported abnormalities of sulphur metabolism 
in pellagra W ith a view to further considei ation of this point, certain 
data with regard to cystine metabolism and a specific relation of cystine 
metabolism to solar irradiation will be reviewed 

The demands of the oiganism for sulphur are supplied largely by 
cystine It is necessary'^ not only to the growth * but to the mainte- 
nance of animals (Lewis,®® pp 401, 418 and 447) Its function m the 
organism appears to include an important bearing on the oxidation of 
tissue through the reversible cystine^cy^steine reaction (Dakin and 
Lewis ®®) and a detoxifyang influence on certain compounds, at least one 
of which, cyanogen, is a product of protein metabolism ®® 

Protein sulphur is present in %arymg propoitions in different foods, 
as represented by"- its increased percentage m serum albumin as com- 
pared with casein Under conditions of a low intake of protein, serum 

“It IS obvious, however, that some ammo acids, such as b’^sine and cystine 
are required in relatively greater amounts for growth than for maintenance ’ 
(klitchell, reference 70) 
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albumin is moie effective in maintaining nitiogenous equilibrium in 
dogs than is casein Howevei, when casein is supplemented by cystine, 
it IS as efficient for the maintenance of the nitrogenous equilibrium as is 
seium albumin 

The tissues geneially give a mtropiusside reaction (Lewis and 
Lewis, McGinty and Root“^), but in lats on synthetic diets fioni which 
cystine was absent, nutritive failuie was accompanied by an abnormally 
weak iiitiopiusside leaction in the tissues (Lewis, p 418) Definite 
proof as to whether the disulphide, cystine, or its i eduction product, 
cysteine, actually exists in the protein molecule is lacking (Lewis,^° 
p 398), though the piesence of cysteine is regarded as probable (Lewis, 
p 399) 

According to Sullivan’s investigations,®^ glutathione, a dipeptide, '' 
containing cysteine and glutamic acid, which was isolated by Hopkins 
(Lewis,®® jD 415) by exti action fiom bieweis’ yeast,f gave neither the 
cystine nor the cysteine reaction However, there is little appaient 
tendency to question the importance of glutathione m oxidative processes 
through the reversible cystine ?:± cysteine reaction Kendall claimed 
that oxygen and sulphui aie impoitant in the promotion of this leaction 
Abdeihalden (quoted by Lauiens®') suggested that normally the reac- 
tion R S-S R R SH -f- HS R is balanced, that in “ahmentaiy dys- 
trophy” (the teim applied to the condition of malnutrition resulting 
from lack of specific substances m the diet, vitamins i) in buds fed rice 
the reaction pioceeds m only one direction, R SH + HS R — > R S — 
SR, reversal of the leaction is prevented and mercapto groups neces- 
saiy for the oxidation are not available, and that in cyanide poisoning, 
the leaction can proceed only in the opposite direction, RS — SR-^ 

* A tnpeptide containing cysteine, glutamic acid and glycine (Hopkins and 
Hams, reference 41a) 

t“If the investigation of vitamin B has not yielded the desired results, its 
indirect effects have not been barren While engaged m methods for isolating 
the antineuritic substance, Hopkins gained a discovery of equal magnitude, the 
separation of glutathione Somewhat similar fortune befell several Japanese 
investigators in the finding of new compounds among the constituents of rice 
In their search for vitamin B in j^east extract Suzuki, Odaki and Mon obtained 
crystals which they later identified as adenylthiomethylpentose From the same 
source Odaki succeeded in separating a new thio-amino acid and several unknown 
bases Funk found nicotinic acid m the vitamin fraction of rice polishings ” 

(Kruse and McCollum, reference 54) 

T It would appear that any condition, even though arising at an earlier period, 
that interferes with intestinal absorption may, under conditions favorable to the 
development of pellagra, result in an effective lack of the pellagra-preventive food 
factor Thus the incidence of hookworm in pellagrins (Kentucky State Board of 
Health, reference 49, and Shelljq reference 87) or dvsentery (Bigland, reference 6, 
and Enright, reference 25) might predispose to pellagra, and any geographical 
area may have a factor with a special influence on the etiology of the disease 
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R SH + HS R, and utilization of the mercapto groups present for oxi- 
dation IS not possible, since cyanides pi event conversion of the mercapto 
groups into disulphides The ultimate result m poisoning caused by 
cyanide and m alimentary dystrophy is the same, failure of oxidation, 
but, as stated, the mechanism by which oxidation is pi evented is 
different 

The excietion of urinary neutral sulphui m poisoning caused by 
potassium cyanide and carbon monoxide is increased 

Following the recognition of a high concentration of sulph3'-dnl 
( — SH) in the living part of the tissue of a tumor and its impoi- 
tance in the nuclear activity of cell division, Hammett concluded that 
it IS specifically essential to the nuclear processes of cell division, and 
that normally an equilibrium is maintained through the leversible cys- 
teine cystine leaction, controlled according to the law of mass action 
He consistently obtained a marked intensification of the nitroprusside 
reaction for sulphydril on injurj'- of the tips of the root, either by crush- 
ing or by scratching Giroud and Bulhard noted an association between 
the concentration of sulphydril m the skin and keiatmization, while 
Lightbody and Lewis confinned this principle on dietary grounds 
Reimami,'^® quoting Hammett, considered that the essential difference 
between the nucleus of a cell in mitosis and that of a cell m the resting 
condition is a i earrangement of the sulphur molecules so that this ele- 
ment appears m the chemical group sulphydiil He stated that “if the 
sulphydril radical is the stimulus to cell division, the products of the 
reaction of sulphydril accumulate and stop mitosis by the time the wound 
IS healed ” These ideas led to the use of thiocresol to stimulate the 
healing of wounds 

The action of radiation on the healing of wounds is due, m great 
measure, to the influence on cell division 

The sulphur of cystine is readily oxidized in the body, as is also the 
sulphur of dipeptides containing cystine®® The excietion of sulphur is 
largely in the oxidized form of sulphates If complete deamination is 
prevented, as by the feeding of phenylurammocystine or the injection 
of dibenzojdcystine,®® oxidation is not complete and a cysteine derivative 
of cystine is excreted m the urine When cystine was injected into dogs 
on a diet low in protein and brombenzene was fed, an abundant synthesis 
of bromphenyl-mercaptunc acid occurred Cystmuria represents an 
“error of metabolism” which is but little understood ®® 

The production of thiocyanates in the urine, as well as m the saliva, 
IS increased after the ingestion of nitriles and ceitam amino-acids, and 
then appeal ance is usually considered to be due to a defensive process 
wheieby the toxic cyanogen radicals are converted into the less toxic 
sulphur cyanogen compounds (Lewis,®® p 406) 



SMITH—SOLAR RAYS AND METABOLISM 


919 


Aftei a piolonged fast followed by the ingestion of laige amounts 
of meat, there is a distinct lag in the excretion of sulphur (Lewis, 
p 410), indicating either a retention of a sulphur-rich protein in the 
period of recovery fiom inanition or a much more striking lag in the 
elimination of sulphur than is usually observed (Wilson and Schmidt 
and Claik®°) Fay and Mendel stated that “the great inciease in the 
value of the ratios during the earlier days of feeding adequate diet after 
starvation can be interpreted m only one way — specific retention of 
sulphur ” 

When fed to rabbits m large doses, cystine is found to be toxic 
Wilder referred to the injurious effects of cystine on the liver and its 
possible etiologic influence in pernicious anemia 

The high content of the epithelial protective tissue in sulphur and 
cystine a content greater than that of any other tissue of pure protein, 
suggests that the cystine may have a specific function m this tissue 
The protective action of cystine solutions when Paramecia are exposed 
to ultraviolet radiation and the finding of Ward that cystine was the 
only ammo-acid that had any marked absorption for ultraviolet rays 
have been referred to Ward called attention to the fact that the curious 
custom of the Arabs of wearing heavy woolen clothing may have a 
strong justification in the protective effect of the cystine in the wool 
Lightbody and Lewis discussed the relation of protein and sulphur 
content of the diet to the growth of hair in the white rat Remington 
discussed the cystine yield and total sulphur in the hairs of various 
animals 

Sundstroem noted that a return from the tropics to a cooler climate 
resulted in a considerable stimulation of the growth of haii, “which 
growth then proceeded with seasonally determined cycles, exhibiting a 
maximum in June and a minimum in December ” This report would 
seem possibly to be related to Laurens’ finding of an effect of deviation 
from exposure to the accustomed radiant energy 

Sundstioem also stated that the leports on excretion of neutial 
sulphur m the tropics are conflicting and do not prove an augmented 
catabolism of body piotein in tropical man 

In general, Lewis held that expeiinients which indicate a special 
relation of cystine to the growth of epidermal tissues rich m sulphur 
(and cystine) — hair and wool — (Abderhalden,^ Blaschko,'^ Fuhs,”^ 
Zuntz and Zuntz ’■^^) are interesting, but further work under more 
carefully controlled conditions is necessary before the specific role of 
cystine in the growth of hair can be accepted without qualification 

The circumstances of excretion of creatine in the urine have been 
investigated rather extensively, but its significance has never been defi- 
nitely determined In discussing Harding and Young’s suggestion that 
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C3'stine is a piecuisor of creatine in the growing dog thiough the intei- 
mediate stages of tamine and amino-etltyl alcohol followed by methy- 
lation, combination with uiea and oxidation, Lewis explained 

In view of the fact that creatine is determined as creatinine after dehydration in 
the presence of acids, and that many of the reactions by wdiich creatinine is usually 
identified are also given by cysteine and mercapto derivatives, it seems possible 
that the variations of the creatine content of the urine observed may have been due 
to the presence in the urine of mercapto or other derivatives of cystine 

An inci eased excietion of cieatine by the pig has been obseived after 
the ingestion of cystine^® The increases, however, w^eie considered to 
be due to acidosis resulting fiom the oxidation of the cystine sulphur 
to sulphuiic acid Fuither observations on the occurrence of cieatmuiia 
and its possible significance will be referred to latei 

Hopkins isolated glutathione fiom yeast, muscle and hepatic tissue 
Dakin stated 

The concentration of glutathione m the tissues is very low, but its distribution 
IS extremely wide The blood proteins appear to contain vanishingly small amounts 
or possibly none, and this observation agrees with the growing conviction that 
scarcely any oxidation of moment occurs in this medium Yeast furnishes useful 
material for the preparation of glutathione though animal organs may serve 
equally as well 

Reference has been made of the influence of sulphui as "bios” in 
the growth of yeast 

Fay and Mendel,-' m a study of nitrogen and sulphur metabolism in 
the dog, selected the proteins enteiing into the different rations on the 
basis of then diffeiing sulphur content casein low in sulphur content, 
“meat residue,” which has a slightly highei peicentage of sulphui, and 
egg albumin, wdnch is comparatively rich m sulphur Along wuth casein, 
beans of the genus Phaseolus are rated low m cystine content by 
IMitchell Cohn stated that most knowm pioteins aie pooi in tiyp- 
tophan and cystine , nevei theless, their necessity for giowth in the young, 
and foi maintenance of nitrogen equilibiium m the adult animal is fully 
attested In view^ of the poverty in cystine characterizing piotems gen- 
eially it is of interest to note its occuiience in the foods that Goldbeiger 
and his associates advocated as preventive of pellagra and to note that 
these foods contain c} stine (oi sulphur) in piopoitions comparable to 
the value for the prevention of the disease assigned them by this author 

SUPERFICIAL AND REMOTE EFFECTS OF EXPOSURE TO 
RADIANT ENERGY 

A certain protective value of pigment against the effects of exposure 
to solai ra)'^s as w^ell as the necessit}^ to regulate the degree of 
exposure in order to avoid definitely pathologic effects, is a matter 
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of common knowledge On the other hand, it ib equally obvious that 
pigmentation does not piotect against pellagra Only a supeificial 
view of the matter, however, would lead to the inference that solar rays 
are without influence m the causation of pellagra 

It has been suggested that the deimatitis of pellagra may lepresent 
a local and superficial effect of ladiation unrelated to the essential 
nature of the disease as a disturbance of metabolism A vaiiety of 
considerations tend to contradict this view If it were tiue, pigmen- 
tation would piotect against pellagra as it does against sunburn, but 
that it does not is shown by the relative incidence of the disease m 
the white and coloied laces m the southern United States Again, the 
mortalit}^ from pellagra is higher in the white than in the Negio race 
If the cutaneous lesions of pellagra represented a relatively nonessential 
feature of the disease and were more or less incidental to exposuie to 
the sun, the lightly pigmented white race would probably be more 
susceptible to solar influence than the colored race, would more readily 
exhibit superficial and nonessential lesions of the skin and would be 
more prone to a mild and nonfatal form of the disease, and the moi- 
tahty fiom pellagra occuriing in the white race would piobably be 
lower than that from pellagra in the Negro, however, such is not the 
case The sore mouth, the diarihea and the symptoms referable to 
the nervous system constitute a triad that is m itself conspicuous and 
a rather definite manifestation of the disease If this triad were a 
matter cf common occurrence independent of dermatitis, the skepti- 
cism of the most experienced clinicians with regafd to “pellagra sine 
pellagra” would hardly exist It is manifest that solar and ultraviolet 
rays have effects on metabolism not comprehended m the mere pro- 
duction of pigment, and that irradiation is productive of pellagrous 
effects moie profound than dermatitis is suggested by clinical obser- 
vations such as those of Enright and the notations of Koch and 
Voegthn in their experiments on monkeys These studies will be 
referred to again 

Laurens suggested that the remote effects of irradiation ma}'- be 
largely thermic, associated wath the fact that pigmented skin holds 
more heat and may facilitate thermotherap}'^ (Laurens,®" p 14) Freund 
showed that the epidermis from blisters absorbed everything shorter 
than 325 m/x , while hardened scales of skin absorbed everything 
shorter than 344 mix when yellow and shorter than 329 m// w^hen 
colorless (Laurens,®^ p 10) 

The process of pigmentation is essentially the deposit of melanin 
in the basal cells of the epidermis (Adami - and Clark ^®) Acquired 
pigment is extracellular, m contrast to its normal intracellular position 
as in the skin of Negroes ®^ Melanin and keratin have a high sulphur 
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content (Koch and Voegtlm and Lewis Melanin is nonfluoies- 
cent, while epidermal keratin, white hair and sehum are fluorescent 
Photodynamic action, howevei, is not propoitional to fluorescence 
Fluorescence is the usual accompaniment, but not the fundamental 
cause, of the sensitization m photodynamic action, “a soit of outward 
and visible sign, so to speak, of an inner activity in i espouse to light” 
(Claik,’^® p 288) Ultraviolet irradiation is not the only influence that 
determines the color of the skin, other climatic factois, pel haps, being 
equally or more important Goodale found that the natural covering 
of chicks IS not penetrated by the effective wa\elengths, and that the 
mam leceptor is the small amount of naked skin about the bird’s head 

Hausser and Vahle (quoted by Lauiens ®') showed that the efficient 
wavelengths for both erythema and the formation of pigment are near 
300 m/i , and that the two conditions are intimately connected, pig- 
mentation following the action of particular wavelengths only when 
an eiythema has been produced, although a slight erythema may occur 
without the subsequent formation of pigment 

Laurens described the histolog}^ of irradiated skin as follows 

The vessels become dilated with infiltration of the epithelial layer and an 
abnormal thickening and darkening Following intense irradiation there is sero- 
fibrinous or cell-rich, often hemorrhagic, exudation If the irradiation is severe 
enough, the collagenous tissue becomes swollen and homogeneous, the epithelium 
swollen and loosened, infiltrated and blistered, the loss of continuity occurring at 
the boundary between the granular and horny layers If the irradiation is quite 
intense thrombi form in the vessels of the cutis The hair follicles and 

sebaceous glands break down and are regenerated from the epithelium 

For convenience, the cutaneous pathologic changes of pellagra as 
described by the Illinois Commission are given here In a large 
number of sections studied, the general picture was that of an angio- 
neurotic process and lesembled to a marked extent that seen in multi- 
form erythema The most marked change was seen in the supeihcial 
part of the corium, almost all of the infiltration occurring in the pais 
papillaiis The specific observations were as follows Under low 
power magnification the stratum corneum appeared thickened , the 
stratum granulosum and lete were practically normal The upper 
portion of the corium showed inflammatory reaction, and the con- 
nective tissue appeared edematous Under high power, the hyper- 
keratosis w'^as seen to be well marked Heie and there, areas of 
parakeratosis ivere present, as evidenced by the presence of nuclei 
extending to the upper layer of the stratum corneum Many pigment 
granules -were present The rete was practically normal, except in 
places ivhere its integrity was interfered with by infiltrating cells 
Cellular infiltration was quite marked in the papillar}^ layer, particular!} 
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in the region of the blood vessels Collagen and elastin veie present, 
the former showing edematous changes The deeper paits of the 
coiiuni were comparatively normal Elastin was absent fiom paits of 
the papillary layer 

Lewis and Zotterman have lecently shown that the leactions to 
injury of the cutaneous vessels by ultiaviolet ladiation, as by freezing, 
buining, etc, are due to the pioduction of vasodilator substances m the 
skin which diffuse into the suiiounding skin and aie conducted away 
by Ijanph channels 

In the “white” lace, the color of the skin langes from light bluish 
white or pinkish, as m the Nordic blonde or led-haiied, to all shades 
of tan (many Mediterraneans) or brown (some Aiabs, Egyptians, 
Abyssimans, etc ) to almost black (some Abyssmians and Hindus) 
“In geneial, the pigmentation of the races of the world varies accoiding 
to the intensity of sunlight, foi pigmentation appears to be 

primarily a protection against ultraviolet light” (Hrdhcka'^“ and 
Huntington ^^) 

In this connection it may be noted that the bodily distiibution of 
pigment m the skin presents certain anomalies not m accordance with 
the pimciple of exposure to light or other climatic influences In the 
nonhairy human subject, the nipples, axillae and genitals are usually 
areas of relatively high pigmentation Anatomically, if not by habit 
of clothing, these areas are relatively protected from the operations of 
climatic factors In the dog, the hairless scrotum may or may not show 
an excess of pigmentation With regard to the axillae and scrotal 
area of the human subject, it would appear that the loss of heat by 
irradiation is minimized by the anatomic arrangement, whereas by evapo- 
ration it IS increased A similar function appears to be exercised by 
the tongue of the dog Sundstroem noted that m mice exposed to 
“artificial tropics” the tails and the ears became longer and the scrota 
pendulous and hairless In more recent work on rats, the role of an 
enlarged scrotum, for instance, in assisting m the loss of heat, has been 
proved almost beyond doubt These considerations may have some 
bearing on the scrotal lesions of Goldberger’s expei imentally produced 
pellagra and experimentally produced black tongue A tendency to 
development of hair is also noted m the region of these pigmented areas 
at the time of development of the secondary sex characteristics 

It would seem that the lesions of pellagia may appear on parts 
previously or habitually exposed, individually or phylogenetically, and 
therefore pigmented, rather than necessarily on parts exposed after a 
deficiency m food is instituted 

Any protective influence exercised by pigment is apparently not by 
virtue of impenetrability to light Kinney observed the relative pene- 
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tiation of light through three hands from a blonde, a brunette and a 
Negio respectively, which calibrated to exactly the same thickness In 
both fluoroscopic and photogiaphic tests, the penetration was greatest in 
the Negro less in the brunette and least in the blonde 

It IS not clear just how eftects distant from the aiea of the slan 
irradiated are bi ought about A mediation through the neivous system 
may be involved The theiapeutic results obtained m deep-seated tuber- 
culous lesions are familiar Lewis and Zotterman’s ideas with reference 
to the conduction of vasodilatoi substances by the lymph channels have 
been lef erred to Burchardi demonstrated that ii radiation no longei 
influenced the blood picture after pigmentation, and Rothman showed 
the same factor for the depiession of blood pressure and blood sugar 
and an increase m sei um calcium Buckwheat sensitizes cattle to the 
eftects of light, but pigmentation reduces the susceptibility Hemato- 
porphyrin is an active sensitizer to light Black and gray mice appar- 
ently cannot be sensitized to light b)'^ hematoporphynn, while white mice 
can be Metallic compounds, especially sulphur and halogen com- 
pounds, show photo-electric action and are extremely phosphorescent 
Hess, Wemstock and Helman suggested that the beneficial action of 
irradiating an animal is produced through the activation of cholesterol 
in the skin, from which it is absoibed and circulated m the blood 
stream ®‘ Sheppard’s active substance m gelatins for photographic 
purposes (thiocyanate) went down with a condensate chiefly cholesterol, 
but the cholesterol was not active, and it was concluded that the active 
substance was dissolved only in the sterols and not chemically combined 
Laurens stated that the only reasonable conclusion is that, fol- 
low ing ultraviolet irradiation, some photochemical substance that is 
formed m the skin is earned by the blood stream “to these various 
organs, there bringing about the observed changes ” Hess and his 
co-workers said that it should be remembered that in the course of 
activating ergosterol b) means of ultraviolet radiations a series of prod- 
ucts IS formed the sterol passes through vaiious chemical phases, and 
the final product is a mixture rather than a photochemical entity 

In a “seasonal!}” conducted senes, proof was obtained for an 
antagonistic behavior of the lecithin and cholesterol curves, high levels 
for the former coinciding with low levels for the latter, and conversely 
Clark elaboiated a theoiy as follows Light shortei than 300 mix 
acts on the living cell by ionizing its photo-electnc constituents and 
theieb} leading to photochemical action Light longer than 300 m/x, 
acts in the same way in the presence of sensitizeis which so affect the 
surface conditions of these constituents that their photo-electric thresh- 
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old IS shifted into the visible, and they theiefore become ionized vith 
resulting chemical action when illuminated by visible or neai ultiaviolet 
energy 

Sheppard,®® in an investigation of the “sensitivit} substance” in the 
gel from animal hides foi the manufacture of photogiaphic films, 
found that it lay m the doubly bonded sulphur as represented by allyl- 
isothiocyanate (mustard oil), which is believed to be deiived from the 
food previously utilized by the animal, and that for a given emulsion 
and gn^en conditions the sensitizing effect of the active body reached a 
maximum for a ceitain quantity (in the oidei of 1 300,000) and then 
decreased as the amount ot the active material was increased fuither 
When mustard oil was added to the system of the Kottmann reaction 
(unpublished experiments, J H S, 1928), it was found to altei the 
speed of the reaction in human serums and commercial gelatins, how- 
ever, the results weie not consistent The extieme nicety of control 
of a variety of factois influencing the sensitivity of photographic 
emulsions is brought out b} Davis and W ithers 

The considerations advanced have been chiefly in connection with 
normal subjects A difference between “sick skin” and normal skin is 
postulated by maii}^ writeis Bovie (quoted by Laurens “') emphasized 
that It IS the instability of the physiologic mechanism rather than the 
wavelength that determines the nature of the physiologic effect pioduced 
Clark traced the analogy between the photographic process and the 
physiologic action of light, stating that there is considerable evidence 
to show that diseased tissue is more susceptible to radiations than 
normal tissue “To push the photographic analogy further, we may 
assume that normal tissue acts like a slow plate and diseased tissue 
like a fast one ” Or, as Laurens stated “The sick organism is a 
much more delicate mechanism than the well, diseased tissue being 
more susceptible to radiation than normal, while the animal skin is an 
entirely different organ from the skin of man” With reference to 
anemia, Stewart said that under compression from surface quaitz appli- 
cators or other means, the depth of penetration (of ultraviolet rays) is 
ver}^ much greater, probably to 1 inch (3 to 2 5 cm ) according 
to the completeness with which the tissue is made anemic Beinhard is 
convinced of the harmful effects of the lack of light on man, as exem- 
plified in the anemic condition of those who live on the shady side of 
the deep valleys of the Alps as contrasted with those who dwell where 
they are reached by the sun’s rays 

“It has been suggested that the skin lesions in pellagra indicate a 
light-sensitive condition in man ” 

Voegthn refeired to this possibility m the following terms 

Raubitschek (1910) on the basis of animal experiments, advanced his ver\ 
attractive photo-dynamic theory (of pellagra), which assumes that certain cereals 
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contain a substance which renders the skin oversensitive to sunlight Critically 
viewed, none of these experiments stands the test of modern medical science 

The sites of predilection for the cutaneous lesions of pellagra are 
exposed surfaces Wood^“° ref ei red to the fact that the feet of per- 
sons who go without shoes are usually affected, and such involvement 
is quite common m children who go barefooted Wood stated that he 
had often found lesions of the feet of women who go about the house 
barefooted There would appear to be ground for the further state- 
ment that surfaces exposed during youth and the heavily pigmented 
genitals highly endowed for purposes of loss of heat through evapo- 
ration are not infrequent sites of pellagrous lesions, though they are 
not so common as habitually exposed surfaces 

In connection with an epidemic of pellagra among prisoners of war 
111 Egypt, Enright and Bigland ® commented on the distribution of 
the rash m relation to exposuie, but they were not m entire agreement 
Enright stated 

The rash is usuall}’’ understood to be symmetrical This symmetry, in my 
opinion, depended on the equal exposure of the affected areas to the sun’s rays 
It the exposure were greater for one limb there would be a correspondingly 
greater extent of the eruption on that side I am quite satisfied that the distribu- 
tion of the rash was oirectly proportional to the time and the extent of the expo- 
sure For instance, in a rash on the chest — an uncommon site — the outline 
corresponded to the opening of the shirt In the case of Turks, the rash on the 
feet was limited most accurately by the edges of the slippers worn I have noticed 
that sun exposure intensified the eruption and that if the patient exposed himself too 
soon after the subsidence of an attack there was a great tendencv to recurrence 

The Illinois Commission found that sunlight pla} ed a part m 
producing or determining the location of lesions, as was demonstrated 
by having patients suspected of having pellagra wear fenestrated 
gloves , the eruption was largely limited to the exposed surfaces 
However, many patients were seen who showed typical lesions occu- 
pying the hands and othei usual areas and who “were not exposed to 
the direct ravs of the sun at any time Bediidden patients developed 
lesions 111 the same situations as those able to be out of doois ” 

Bigland’s ® observations, as well as Eniight’s, were made m Egypt, 
but at a slightl} different tune, and in Ottoman rather than m German 
piisoneis, as were those cited by Eniight 

Bigland stated 

Though the sun’b rais plav an important part in the production of the rash, I 
vas never able to make any skin changes appear at will, even after repeated trials 
with one arm bare or wearing a glove on one hand onlj' I cannot account for 
this failure 

Pressure areas also show definite changes in the overhung skin, which becomes 
rough, thick and deep!}' pigmented The commonest situations for these changes 
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are the external maleoli, sacrum, knees, and elbows" Thirty-five (out of sixtj- 
four) of the cases showed these signs, and they lasted long after other typical 
appearances had disappeared 

Bigland further described the skin of the patients in his cases 

Man}’- of the cases showed a curious fine branny desquamation over the body 
generally, even in the situations where a rash had not been present 

One case showed a pellagrous eruption on the scrotum — interesting because 
this was the site where Goldberger’s artificially produced pellagrins first showed 
the rash 


'■ Cowgill, Stucky and Rose, 1928 (reference 18), have observed the formation 
of ulcers on various bon} prominences, particularly on the limbs, of many of their 
dogs subsisting on diets adequate except for vitamin B 

The remarkable symmetry m distribution of these ulcers and the fact that they 
were produced in animals fed on carefully controlled diets are points worthy of 
note In some of their animals that were placed on the deficient diet twice, the 
“complete” ration being fed in the intervening period, these lesions developed 
twice, associated each time with the defective diet, and disappearing when vitamin 
B was administered The absence of the cardinal signs of inflammation in these 
ulcers further indicates their malnutritional origin 

Even at the cost of digression from a subject involved, at best, the analogy 
presented by psoriasis m the confused etiology and others of its aspects as com- 
pared with pellagra attracts attention Schamberg (reference 83) referred to 
psoriasis as an affliction which has been known since the days of the early Greeks 
It appears to have certain features m common with pellagra and others of an 
opposite character The similarities are more oi less obvious It appears to be 
opposite in age incidence, sex incidence, seasonal incidence and in the value of a 
diet low in protein Hebra was in the habit of stating that patients with psoriasis 
are “blooming healthy individuals,” and he regarded the disease as a “morbus 
fortium ” 

Outbreaks are influenced by seasonal conditions In the climate of Philadelphia 
(Schamberg, reference 84), the vast majority of patients are better m summer 
and worse in the cold seasons Recurrences are not uncommon with change of 
season m spring and fall Psoriasis is but rarely seen m the Orient and in the 
tropics 

In terms of Hammett’s studies, nuclear cell division is overactive, and on 
Hammett’s principle the — SH group would be regarded as overactive Hammett’s 
ideas grew out of the finding that the metal lead specifically retards proliferation 
of the cells, and he was led to the conclusion that the metal, by precipitation, 
removes from activity some compound essential to the reproduction of cells 
Schamberg quoted the opinion of Throne and Myers (reference 100) “Sodium 
thiosulphate is of no value in the treatment of patients whose blood does not show 
the so-called ‘metallic picture’, that is, a high sugar and a low chloride content, 
but is of great value in those cases showing the metallic picture In cases in which 
the disease process is present in large sheets or in which it is universal, they 
found its action helpful Nail involvement has also responded to this line of 
therapy The action of sodium thiosulphate in these cases is in remoMng the 
retained metal from regions m which it has been precipitated and m reac- 
tivating it” 
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Lastly, under this heading I wish to describe a condition to which only one 
reference could be found (Mane) In eight of the cases there was noted a 
peculiar seborrheic condition, chiefly around the alae nasi, sometimes scattered 
over the whole face In apeparance this condition was likened to small sulphur 
granules raised above the surface of the skin This was not found among non- 
pellagrous Turks 

In pellagia, outside of the cutaneous lesions, pigmentation has been 
described histologically in the medulla (Bigland,® p 950, and Warnock 
at Abbasia), in the cortical cells of the brain, in the adventitia of the 
smallei vessels, in the peiipheral ganglions, both spinal and sympathetic 
(Tuczek in 1893°^), and in the intestinal mucosa Lynch (quoted b} 
A¥ood^-“) described the characteristic appearance of the intestinal 
mucosa of the pellagiin as “the flattened, deep led oi bronzed, thickened 
mucosa, with shallow, irregular mucosal ulcers ” 

THE THEORY OF A DEFICIENCY OF FOOD AS THE CAUSE 

OF PELLAGRA 

It IS not necessary to review the elaborate data on which the advo- 
cates of this theory, especially Goldberger and his associates, have 
based their conviction of its soundness Though there are considerations 
that lead to serious question as to the sufficiency of their views, the 
relatively high incidence of the disease in the economically undei- 
privileged classes,* the experimental observations, the epidemiologic 
studies and the measure of therapeutic success that has attended the 
curative and especially the preventive practice of their principles attest 
a genuine and fundamental influence of the factor of a deficiency of 
food Goldberger and his co-workers have not attempted to state the 
exact nature of the deficiency, though they consider that it is probably 
a deficiency in amino-acids 

Wood thought that it is reasonably certain that if the peasant 
class were provided with a generous, well balanced and varied diet, the 
ravages of pellagra would stop, but he regarded such a procedure as 
“eminently impracticable” at this time Tayloi, m his revision of 
Wood’s article, was inclined to regard an infectious agent as also 
operative, but he did not question the impoitance of a deficiency of food 

If the essential feature of a deficiency of food is one of ammo- 
acids, the deficiency would seem probably to be related to the recognized 
general limitation of the intake of protein characteristic of warm 
climates generally, being emphasized with the seasonally recurring 

* However, the economically under-privileged classes, among the rural popula- 
tion at least, by reason of occupation are more definitely subject to whatever 
influences there may be in climatic conditions (Vance [reference 110] and manv 
others) 
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temperature of summer In this sense, the deficiency might be either 
in the nature of a specific lack or in the nature of a lack of stimulus to 
the oxidative piocesses of metabolism belonging to proteins geneiall} 
and to certain ammo-acids m special degree, which is desciibed under 
the term “specific dynamic action ” Such an explanation, if found to 
be tenable, would harmonize with the tendency so far obseived m the 
South for the metabolic rate to decline as summer approaches, and 
would not be inconsistent with the view that the decline m metabolism 
IS contributed to also by a relatively high exposure to the solar rays of 
summer as compared with the exposure during winter, and further 
would not be inconsistent with the view that any cause operating to 
lower the basal metabolism in this geographic area in summer favors 
the development of pellagra A diiect influence of solar light, without 
referimg this influence through the intermediation of the intake of 
piotem or the composition of food, would seem to be suggested by the 
rather sharp upper border of the pellagia belt and the improbability 
of a correspondingly sharp line of demarcation m food habits 

While the preventive and curative action of yeast as described by 
Goldberger ma}'- be referable to the power of yeast to increase the basal 
metabolism, the substitution of yeast for thyroid substance has not 
seemed to maintain the metabolic rate of persons with depiessed 
metabolism in any consistent way (J H S ) 

If the beneficial effects of the diet recommended by Goldberger are 
attributable to the effect on general metabolism, the claims that have 
been advanced for thyroid medication m the treatment for pellagra 
(Shelley and Smith would be referable to the same mechanism 

The relative freedom of the tropics from pellagra would seem to 
point to the fact that neither a lowered basal metabolism nor a low 
intake of protein can be the essential cause of pellagra While these 
conditions doubtless favor its development, more specific factors are 
appaiently involved It is possible that there is a combined effect of 
lack of a specific dynamic action of foods containing protein and the 
positive effect of exposure to solar lays Even so, a deficiency m 
the intake of piotein may be important m respect to a specific factor, 
such as cystine 

With lefeience to the various claims for an etiologic influence of 
alcoholism and of bacteiial, parasitic and other pathologic states of the 
gastro-intestinal tiact, if such conditions mteifere with the absoiption of 
the essential factor concerned in the deficiency of food in pellagra, these 
are meiely modes of development of the deficienc}^ of food, and their 
recognition, without assuming for them a specific toxic oi infectious 
influence, involves no conflict with the views of those who hold to the 
idea of a deficiency of food as a usual and important cause of pellagra 
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Similar accommodation of seemingly opposed views with refeience to a 
deficiency of iodine in the etiology of endemic goiter has been suggested 
by several wi iters 

METABOLISM IN PELLAGRA 

The chemical studies of pellagia described m the liteiatuie concein 
chief!} the metabolism of nitrogen, sulphur and the lipoids The 
supply of sulphur, chiefly cystine, for the normal organism and its 
metabolic course within the organism, as far as is known, are so closely 
bound up with nitrogen that usually it is not possible to separate dis- 
tinctly their respective roles 

According to Folin, the absolute quantity of creatinine eliminated 
in the mine of a patient on a meat-free diet is a constant quantity 
differing for different persons, but wholly independent of quantitative 
changes in the total amount of nitrogen eliminated In pellagra, the 
failure of the creatinine coefficient (ratio of excretion to body weight) 
and of the excretion of thiocyanate (also of gastric acidity to 
return to normal with the return to normal of total nitrogen in the 
convalescent or cured pellagrin appears to indicate that restoration of 
a normal exogenous metabolism is not immediately, at least, accom- 
panied by restoration of a normal endogenous metabolism 

Folin found that in patients on diets relatively high m protein 
the normal distribution of urinary sulphur is organic, 87 8 per cent, 
ethereal (conjugated), 6 8 per cent, and neutral (unoxidized), 5 1 per 
cent In general, the excretion of neutral sulphur is regarded as 
definitely characteristic of endogenous metabolism as is the excretion 
of creatinine In pellagra, however, it appears that when the creatinine 
coefficient is low, the excretion of neutral sulphur is increased, as m 
poisoning caused by cyanogen 

The chief features of the metabolism of pellagra,®' many of which 
are proportion'’! to the seventy of the disease, are as follows 

The general <*ietabohsm, as measured by the consumption of oxygen 
or the excretion of carbon dioxide, is low 

The exogenous and endogenous metabolism, as measured by the 
urinary excretion of nitrogenous fractions, is low 

There is an abnormal mineral metabolism, as is evidenced by a lou 
excretion of phosphorus pentoxide 

The utilization of protein is regarded as being somewhat depressed ®' 
though the observations made m Egypt did not indicate tins 

^ “We must conclude from an extensive study of the N S ratio that this is 
an expression of such complex metabolic relationships as to make any idea of 
judging bv It the nature of tissue undergoing metabolism during fasting fatuous 
The most significant point, it seems, is that the relatn’’e excretion of N and S m 
the urine is an individual metabolic response” (Morguhs, reference 71) 
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Tlieie IS a deciease in the thiocyanate contained in the saliva, but 
the normal diastatic power of the saliva is aveiage’’^ 

Gastiic anacidity is common, and hypo-acidity is usual 
Intestinal putief action is increased (Sullivan, Stanton and Dawson”' 
and Veddei but the phenols in the uiine were not found to be 
materially altei ed quantitatively ”” 

The cholesterol content of the blood is increased 
The albumin-globulin latio was repoited noimal in 1 case f ®“ 
Hematoporphyi 111 is not present in the blood serum 
The alkali reseiwe of the blood is noimal ”” 

The cyanide detoxifying powei lemains unimpaiied, piovided the 
supply of cystine is adequate ® 

The total amount of nitiogen in the urine is low”’’ 

The latio of uiea is “low enough to suggest liver insufficiency””’ 
The uric acid content is low 

The cieatinine coefficient is much below noimal and lemains low 
duimg convalescence It is low in propoition to the severity of the 
disease as manifested clinically ”’ A repoit on the excretion of creatine 
has not been obseived 

The excietion of thiocyanate is low as compared with the content 
of the urine at the time of the patient’s discharge as being cured, but 
the increase during convalescence is not propoitional to the mciease 
in the total content of nitrogen 

Voegtlin^^^ found the amounts of etheieal sulphates, neutral sul- 
phur, hippuiic acid (Murhn, 1920) and indican increased He legarded 
the purin metabolism as being normal 

Acetone and diacetic acid ai e not found ” 

After a cuiative diet, the pioducts of exogenous metabolism rise 
to appi oximately noimal”’ 

Human milk does not show chemical changes that aie considered 
to account for the disease in nursing infants 

In 5 cases of uncomplicated pellagra, as compared with normal con- 
trols, extensive chemical analjses of the cential neivous system levealed 
the following pimcipal abnormalities ”” 

“It seems not improbable that changes in the globulin-albumin ratio in 

plasma may have something to do with variations in sterol (cholesterol) content 

of plasma m disease, and even under normal physiological conditions” (Gardner 

and Gainsborough, reference 29) 

« 

t “Recent experiments m this laboratory show that a dilute solution of egg 
albumin may be changed so as to react like globulin towards ammonium sulphate 
after an hour’s exposure, in a quart/ test tube, to the light of a quartz mercury arc 
at a distance of S cm” (Clark, reference IS) However, Handovsky reported a 
seasonal variation in animals, with albumin relatively higher in summer and 
globulin m winter (Lovett, reference 65) 
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J he w.itoi tended to ineie.isc, theie was a loss of lipoids and the 
pioteiiib tended to decieabe slightly 

'fheic was a deeieasc in the ceiehiosules, ])hosi)hatides rind stilph.i- 
tides, which is ])iohahlv duo to an iiiu eased lipolytic piocess .issociated 
^^lth the degoneiation of the tissues 

Thcic w.is a lelativc inciease in the cholesteiol content of the leie- 
bellum and the spinal coid 

The cholcsteiol in the ceiehiiiiii was diiniiiished 
The jiioteins seemed to he the least aftected of .ill the constituents 
They weie ]iiescnt in noimal amounts m the ceiebium and cciehellum 
In the spinal coid, .a decided mtie.ise was noted in the diy tissue, 
wheie.is in the fiesh tissue the piotems weie dcci cased 

Theie w.is considei.ihle mciease in e\ti.icli\es. which compensated 
foi the loss of Igioids , the nili ogen-cont.immg, noiicolloid.il exti.iclives 
weie especially lesiionsihlc foi the incie.ise m exti.ictives 

'I'heie was .i loss of neuti.il suliihui in the ceiehitim and spinal coid 
. 111(1 .111 incic.ise in this constituent in the ceiehellum, “which may pos- 
sibly be inteipietcd as .i disttii banco of the o\id.itive jtowei of the 
colloidal sulphui compounds ” 

111 1 cic’iKi il w IV tile spui.il cold cNliibits the ninst sUilonji: chciiiii.il cli.iiigcs, ,i 
f.icl wliicli IS 111 pci feet agic’enicnt with liislolojAical ohsei i.iliuiis (toinpaio witli 
‘siiiRci and Pollnck, icfciciice 90) 'J he chemical changes in pcllaRia, while 
sniiilu 111 limn icspccls dillci fioni thosi of olhoi diseases arioetiiiR the ncnoiis 
s\ stem 

The pusciu mvosliR.ition bungs out the f.ael th.il the eeiiUal noivoiis system in 
ptllagi i IS snhieeled to .a soiic's of considciablc ehenmal changes nnolvmg pim- 
cipdK i Cl lam hpoids J he sUidv of these changes fioni .i chemical point of view 
has led to a new nielhod of chai actci i/ ition of this disease, nhiih mav peiniit to 
coiul.itc tluiii, IS lus been shown in the piccidmg iinestig ition, with the changes 
c\pci iiiKiit db piodiiccd ill the nenous system of animals 

I he digc’stne sen etions show some definite, .ilthough not con- 
st. mt, dcMation fiom tlie noimal In leg.iid to gastiic sccietion 
(llunlci, (jivc'iis and l.cwis, 1916), it w.is found th.it a laigc ntimbci 
of, though not all, pell.igims sullei fiom aii.icidity and lack of pepsin 
hiee hydioclilonc .icid may be mcie.iscd, noim.il, docic.iscd oi .ibscnt 
Pepsin IS .ilisent in c.iscs of .in.icidity Childien aie atlectcd in the 
s.imc w.iy .IS adults (Cuyens, 1918) 'Pluie docs not seem to be a 
lel.itioii between the seventy of the clise.ise and the dogice of g.istiic 
distuihance In some cases with anacidity .inci I.ick of pepsin, the 
administiation of hjdiochloiic .icid by mouth lesiilts iii the sccietion of 
pepsin 

It IS mtei csliiig to c.ill .itlenlion to se\ci d e.ises with m.aciditv which, .is a 
icsult of the dictan lie.Umcnt, lud lost dl ihnie.d sMiiptnms of the diseiso, and 
Jet h.ul not shown i letnin of the gasliic sccietion to noimal oven aflci sccci.d 
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months This points to a more or less permanent damage to the secretory 
apparatus, which may possibly find its explanation m a permanent anatomical 
change either of the nervous innervation of the gastric glands or in the glands 
themselves There are certain indications that the excretion of the ammo- 

acid nitrogen is increased m cases with gastric anacidity (Murlin, 1920), an obser- 
vation which points to an imperfect cleavage of proteins in the absence of gastric 
digestion The neutral sulphur fraction of the urine is also increased 

Abdei halden and Weitheimer (quoted by Lewis found that when 
the muscle of a fiog was digested with pepsin and hydrochloric acid, 
the digest soon gave a strong mtroprusside leaction foi mercapto 
groups That the appeal ance of this leaction was due piimaiily to the 
activity of the pepsin was shown by comparative tests in which muscle 
was digested with h3^drochlonc acid alone If the peptic digest was 
tieated with alkali, the nitropi usside reaction became weak, and the 
addition of active tiypsin did not lestoie the reaction to its former 
strength As a result of these obseivations, Abderhalden suggested 
“dass Pepsin und Tiypsin das Eiweissmolekul an verscheidenen Stellen 
angieifen Pepsin sprengt vielleicht S-S Bindungen unter Bildting der 
Grtippen SH, SH” (that pepsin and trypsin attack the piotem molecule 
from different points Perhaps pepsin decomposes S-S compounds 
under formation of SH, SH groups) 

Lewis continued Similar observations have been made by Plains 
Egg white, which leacted negatively with mtroprusside and ammonia, 
gave strongly positive reactions as digestion with pepsin-hydrochloiic 
acid pioceeded Fractionation of the digest by piecipitation with ammo- 
nium sulphate showed that the proteoses, peptones and polypeptides 
all contained a group reactive to mtroprusside Under anaeiobic con- 
ditions, the mtroprusside leaction given by the digest peisisted foi 
seveial months, but m the piesence of air even m an acid solution, 
the reactivity disappeared m a few hours, and even more rapidly in 
alkaline solution During tryptic hydiolysis of egg white, the nitio- 
pi usside reaction was not obseived at any stage of the hydrolysis This 
might have been due to the fact that oxidation of the mercapto groups 
IS favored by an alkaline reaction, a condition necessary foi effective 
digestion by trypsin 

No studies of the sulphur (and cystine) content of the products formed at 
different stages of peptic, tryptic and ereptic digestion of sulphur-rich proteins 
have been made m which the newer analytical methods for proteins and ammo 
acids have been employed Such an investigation should throw considerable light 
on the problem under discussion 

A rickets-producing diet caused a definite rise m the pn of the 
contents of the intestines even to alkalinity m dogs (Grayzel and 
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Miller), and ultraviolet irradiation (or the adinmisti ation of cod liver 
oil) changed the reaction to the normal range, the gastric contents 
showing no change 

GOLDBERGER AND WHEELER’S EXPERIMENTAL PELLAGRA IN WHITE 
MALE CONVICTS (IN MISSISSIPPI, 1920) 

Goldberger and Wheeler concluded that pellagra developed in at 
least SIX of their eleven volunteers as a lesult of the diet on which 
they subsisted The lelative influence of diet and solar light was 
appaiently not taken into account in their experiment The period 
during which the volunteers subsisted on the experimental diet was 
from April 19 to October 31, inclusive The volunteers continued 
to do a share of the work on the farm, but when compared with the 
convicts used as controls they had shorter hours of woik and regular 
periods of rest when in the field They probably did not rest m the 
sunlight, and their exposure to light was therefore less than that of 
the controls and less than that of other farm laborers 

The earliest date of the beginning of a cutaneous eruption was 
September 12, about the end of the fifth month of the diet, or about 
three months after the development of certain subjective symptoms 
All of the subjects lost weight, and the loss of weight was particularly 
marked after the development of the eruption In the six subjects 
m whom the eruption developed, the initial sitd was the scrotum Later, 
in one subject classic lesions developed on the hands and in another 
on the neck In compaiison with pellagra that develops spontaneously, 
it may be noted that (o) The diet was probably a lather extreme exam- 
ple of the supposed pellagra-producing diet (&) Though the season 
was favorable to maximum intensity of solar light, the exposure was 
somewhat less than that under normal working conditions on a farm 
(c) Exposure during the previous winter was presumably the aveiage 
of other convicts on the same farm (rf) All of the subjects lost 
weight, wheieas the excellent general state of nutrition is a paradoxical 
feature of pellagra frequently commented on ^ (Goldberger and 

■' Generally speaking, during fasting, the basal metabolic rate is lowered along 
with the loss of weight, whereas in beriberi and in normal persons (Okada and 
his co-workers, reference 76), vith vitamin B starvation and an adequate amount 
of carboh 3 'drate, protein and fat, the basal metabolic rate is lowered without loss 
of weight and with even a gain in weight According to these observers, the basal 
metabolic rate is increased by vitamin B 

In a series of limited observations, I found that the administration of yeast is 
follou ed by some increase in the basal metabolic rate , however, in a case of 
myxedema which responded bv elevation of the basal metabolic rate under medi- 
cation with thyroid both before and after the feeding of yeast, an increase in the 
basal metabolic rate was not noted during the administration of yeast over a 
period of two weeks 
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Wheelei (e) The lesions of the skin appealed primarily and 

chiefly on the genitals, which, especially in the male, is a relatively rare 
site 

Goldberger and Wheeler * suggested that the site of at least the 
initial dermatitis is bound up with a specific quality of the diet If 
It IS assumed that m the etiology of pellagra dietary deficiency is a 
usual and impoitant factor and that exposure to the solar rays of 
summer following relatively little exposure to these rays in winter is 
a usual and important factor, it would be inferred that the results 
obtained by Goldberger and Wheeler represented an instance of exag- 
geiated influence of a dietary deficiency as compared with the influence 
of solar light, and it would be suggested as a possibility that this 
imbalance in causation determined the site of the majoi cutaneous 
lesions on the heavily pigmented, unexposed genitals, which are highly 
endowed as to function for the loss of heat through evaporation Such 
an idea would receive some support from the relative frequency of 
genital lesions in the relatively housed female 

EXPERIMENTAL BLACK TONGUE OF DOGS AND ITS RELATION 

TO PELLAGRA 

A synonym for black tongue is “southern canine plague ” In the 
United States the disease is confined to the area of endemic pellagra, 
and Goldberger and Wheeler considered that their experimental results 
established “well nigh conclusively” an identity of the two conditions 
black tongue and pellagra The single important difiference these 
authors noted m the condition they succeeded m producing experi- 
mentally in dogs as compared with spontaneously arising black tongue 
was that, while no eruption on the external genitalia of the female dog 
was observed, an eruption developed on the scrotum in about 40 or 50 
per cent of attacks in the male dog Such an eruption, these authors 
stated, seems never to have been recorded in black tongue 

It IS not possible to compare the epidemiologic features of black 
tongue in the male and female dog in the same way the epidemiologic 
features of pellagia may be compared m the different age groups of 
the two sexes in the human subject However, as in the experiment 
on pellagra of these authors, it is to be noted that (a) The diet was 
probably a rather extreme example of the supposed black tongue- 

’■ Torraca, at the Mosso Institute, studied the relative effects of sunlight, 
shade and bandaging on the artificially inflicted wounds of guinea-pigs The best 
results were obtained with the animals whose wounds were bandaged and kept in 
sunlight, while the wounds that were freely exposed to sunlight healed more 
quickly than those kept in the shade The wounds were aseptic, so that the 
influence was not bactericidal (Laurens, reference 57) 
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pioducing diet (b) Though the season was favoiable to maximum 
intensity of solar light, the dogs weie apparently housed in kennels 
inside the laborator}, which was located at the extreme uppei edge 
of the black tongue belt (Washington) ’ (c) The sciotal lesions pro- 
duced in the male dog have not been recognized in the spontaneous!) 
occurring disease 

If it IS assumed that in the etiology of black tongue dietary defi- 
ciency IS a usual and important factoi and that exposure to the solar 
rays of summer following relatively little exposuie to these rays in 
Vinter is a usual and important factoi, it would be inferred that the 
results obtained by Goldbergei and Wheeler repiesent an instance of 
an exaggerated influence of dietary deficiency as compared with the 
influence of solar light, and it would be suggested as a possibility that 
this imbalance in causation determined the site of the lesions on the 
sciotum Such an idea would receive considerable support from the 
failure of all observers to note scrotal lesions in the spontaneous!) 
developing disease 

Whatever may be the explanation, the predilection of the cutaneous 
lesions for the genitals in both expeiimental pellagra and expeiimental 
black tongue, in contiast to the conditions in these diseases when they 
arise spontaneously, is a notable feature of the reports of these investi- 
gators 

The heat regulatory function of the dog’s tongue has already been 
refeired to, and Sundstroem’s observations on the function of elongation 
of the scrotum under experimental conditions has also been alluded to 
The conspicuous lesions of experimental black tongue occuiring in these 
organs and the conspicuous lesions of pellagra occuriing m the skin 
and m the experimentally produced condition, on the scrotum, the 
skin being the tissue chiefly concerned with the regulation of heat in 
the human subject, are suggestive of a metabolic disturbance common 
to the organs of the loss of heat in black tongue and pellagia, respec- 
tively 

An identification of black tongue with pellagra would seem to 
minimize to some extent the importance of economic factoi s in the 
production of the latter disease, for though the dog shares in large 
measure with his master, his food habits are not altogether dependent 
on those of his mastei and he enjoys a certain fieedom to loam and 
forage according to his natural tastes and instincts 

COMPARATIVE DATA ON PELDAGRA AMONG PRISONERS OF WAR 

IN EGYPT 

Enright,^® in 1918, and Bigland,® in 1917, observed approximate!) 
the same number of pellagrins among prisoners of wai at Cairo Egypt, 
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the former Germans and the latter Ottomans The} came to ladicall} 
different conclusions in regard to the influence of diet m the causation 
of the disease ' No data are available by which a comparison can 
be made of pievious exposure to light, nor of the relative exposuies 
about the time the disease appeared in the two groups, respective!}- 
However, the disease developed in both gioups while the prisoners weie 
in “the Cairo district” (Cairo, Heliopolis and Alaadi), and the two 
groups weie observed at Cairo The seasonal incidence is clear!} 
recorded and can be compared with the pyrhehometric measurements 
at Cairo (Helwan)f (table 2) 

The pyrhehometric observations weie for the period from Febiuai} 
1914. to December, 1923 Thus they include the period of pellagia 
morbidity under discussion, but they represent average figures for the 
peiiod of observation and do not cover specifically the periods of 
the outbreaks of pellagra It will be noted that, with the air mass 
held constant, the curve of the measuiements corresponds closely with 

Table 2 — Incidence of Pellagia Compaied zuiih Pyi hehomeiric Measttt einenfs 



Nov 

Dec 

Jan 

Feb 

March April 

May 

June 

July 

Aug 

Sept 

Oct 

Germans, 1918 



13 

11 

12 

14 

4 

2 

7 




Ottomans, 1916 1917 

1 

5 

23 

12 

10 

4 

Un 

knonn 

9 





Pvrheliometcr 

1 23 

1 27 

1 31 

1 28 

122 

1 16 

1 13 

1 12 

1 13 

1 15 

1 17 

119 


that of the monthly incidence of pellagia, especially among the Otto- 
mans The obsei ration would hardly be of significance unless sup- 
ported by other data involving the same principle t 

'*'Vedder (reference 111), who was invited by the Thompson-McFadden 
Pellagra Commission to investigate the dietary deficiency phase of pellagra in 
connection with the study of the commission (reference 89), found little evidence 
to support the theorv of a deficiency of animal protein as the essential cause of 
pellagra Vedder noted “that of the 82 persons in families using fresh meat daib--, 
four, or 4 88 per cent were pellagrins , of the 2,591 individuals in families using 
this food habitually, 3 74 per cent were pellagrins , and of the 263 persons never 
using fresh meat only four, or 1 52 per cent, were pellagrins Similar figures 
were obtained with regard to the use of eggs ” 

t “The pigmented appearance of the involved skin vanes m different races, and 
in Caucasians it differs greatly in blondes and brunettes The Egyptian shows 
the pigment deposit much more than the American and more than the negro, not 
because of a lesser degree of pigment but because of the peculiar contrast which 
possibb' may be due to peculiar rays of intensity in the Egyptian sunlight” (Wood, 
reference 120, p 352) 

JThe seasonal incidence of pellagra in the Armenian refugees at Port Said 
corresponded more nearly to that of the southern United States The refugee 
population consisted of 4,058 men, women and children, and the customary pre- 
dominance of female pellagrins (79 per cent of 653 cases) was noted Of the 470 
women and children captured with the Ottomans and brought to the neighborhood 
of Cairo, none contracted pellagra Data are not available for comparing the sea- 
sonal incidence at Port Said with climatic conditions (reference 56) 
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The dififereiice of opinion between Enright and Bigland in regard 
to the influence of diet is of interest in connection with the following 
comparison 

Sullivan and his co-workei s consideied that their hospitalized 
patients could be dnided into at least t\vo rough classes ( 1 ) those 
with marked symptoms of the skin but otheiwise not much physical 
deterioration, a class that may be called dermal, and ( 2 ) those with 
moderate or slight symptoms of the skin but \vith general weakness, 
paresthesia and marked intestinal upset, a class that may be called 
systemic The former showed evidences of being lelatively mild Thus 
a rough grouping may be made systemic tjpe, severe, dermal type, 
mild 


T^ble 3 — Relative Influence of Dietaiy Deficiency and Positive Erposiite to Sun- 
light in the Etiology of Pcllagia and Black Tongue 



Spontaneous 

Goldbergcr s 


Pellagra 

Cony cts 

Dietarv deficiencv 

- 4 - 

T 

Positive effect of light 


0 

Mouth and tongue 

- 4 - 

0 

Scrotum 

”+~ 

4" 

Mortality 

Average 

'' if continued 


Spontaneous 

Goldborgcr’s 


Blacl. Tongue 

Dogs 

Dietary deficiency 

-4- 

+ 

Positive effect of light 

- 4 - 

0 

Mouth and tongue 

-r (name; 

a. 

Scrotum 

0 

-f* 

Mortahtj 

Ayerage 

+ yvhen continued 


Enright 

Bigland 


(Germans) 

(Ottomans) 

Number 

C5 

64 

Dietary deficiency 

0 

+ 

Positive effect of light * 

-U 

0 

Mouth and tongue 

— (“usually”) 

-t-(29) 

Scrotum 

0 (none mentioned) 

+ (1) 

Mortality 

1 5% (05 1) 

37 5% (64 24) 


’D xta ^\ere not a\ailal)le for comparison of the mttnsitj of lifcht in 1917 and 1918 


If the relative influence of dietaiy deficiency and positive exposaie 
to sunlight in the etiology of pellagra and black tongue is alloived to 
remain an open question foi the purpose of compaiison, and if Gold- 
beiger and Wheeler’s description of their experiments with convicts 
and dogs is taken into consideration, table 3 appears to be expressive 
of the relative pla}" of the two etiologic factors and the relative results 
111 respect to certain S3'mptoms and mortality in the groups with spon- 
taneous pellagra and the volunteer subjects in wdiom the disease ivas 
produced experimentally and in spontaneous black tongue and the 
dogs in ivhich the disease ivas produced experimentally In the com- 
parison between the German and the Ottoman prisoners, the difference 
of opinion between Enright and Bigland has been referred to, and 
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theie IS the furthei interesting difteience in their observations on the 
direct influence of exposure to light in the production of lesions on 
areas of the skin so exposed 

In each of the three comparisons (table 3) it would seem that 
when dietary deficiency is obvious and outstanding in comparison to 
exposuie to light, the effect partakes of Sullivan’s systemic type rather 
than Ins deimal type, dermal efiiects readily attributable to direct 
exposure of the affected parts to light aie at a minimum, scrotal lesions 
are relatnely high, and mortalit}’', where it can be compared, is great. 

KOCH AND VOEGTLIn’s EXPERIMENTS WITH A RESTRICTED 
VEGETABLE DIET IN MONKEYS 

Reference has been made to the study of Koch and Voegthn of 
the chemical changes in the cential nervous system in pellagia and 

Table 4 — Distt ibitfwn of Snlphni , PJwspIio) its and Niiiogcn^ 


Percentage Variation from Normal Sulphur 




Protein 

Lipoid 

Neutral 

Inorganic 

Total 

Monkey 

encephalon, fresh tissue 

— 6 

—82 

-40 

—33 

—IS 

Human 

cerebrum, fresh tissue! 

± 0 

—01 

—IS 

± 0 

—10 

Human 

spinal cord, fresh tissue, mean 1 

— 5 

—26 

— 15 

—25 

—16 




Evtractive 



Monkej 

spinal cord, fresh tissue, mean 

— n 

—IS 

— 9 


—14 


* Only the sulphur fractions are quoted here 
t Comparison of tno normal cases nith five cases of pellagra 
t Comparison of four normal cases ^vith five cases of pellagra 


their notation of an agreement between then findings and the histologic 
changes observed in this condition In connection with that study, 
the imestigators earned out experiments on lats and monkeys, obsei\- 
ing the chemical and histologic changes m the cential nervous system 
as a result of the restiicted vegetable diet They noted that, in geneial, 
the changes obseived coriesponded somewhat closely to those observed 
in pellagia, in some instances, howevei, a consideiable difference was 
noted The histologic changes weie similar to those found in pellagia 
In their extensive investigations, the percentage of vaiiation of sulphur 
from normal was studied, and the geneial agreement in the experiment- 
ally pioduced condition and in pellagra is seen in the comparison given 
m table 4 

The authors did not make any lefeience to exposure of the rats to 
light, nor did they ascribe any significance to the exposure of the 
monkeys to sunlight, nevertheless, then tables (tables 5 to 11) clearly 
show the extent of exposure of the monkeys 



Table 5 — Monkey M 1 


)iet Corn oil cake, 100 Gm dailj Began feeding March 14, 1914 Bodj ueight, 3 1 Rg 

Body 

Date 

Weight 

Comment 

March 21 

2 84 


27 

2 66 

Intense diarrhea 

April 3 


Intense diarrhea 

11 

2 48 

Intense diarrhea 

IS 

2 43 

Looks depressed eery eeeak 

22 


I'xposed to sunlight for 3 hours 

24 


Coughing 

25 

9 . 49 

Diarrhea still persists 

27 


Exposed to sunlight for 3 hours 

Mae 2 

2 30 

Exposed to sunlight for 3 hours, blood vessels of cars greatly dilated 

G-7 


9 

2 33 

Diarrhea persists 

11 


Exposed to sunlight for C hours 

12 


Exposed to sunlight for 3 hours 

15 

2 28 

Tongue coated, otheruise normal, exposed to sunlight for 3 hours 

19 


Exposed to sunlight for 3 hours 

20 


Diarrhea persists 

20 


Tuo erjthematous spots in region of external canthus, nose shoeis 
erythematous spots, animal rubs nose uith hands as if irritated 
exposed to sunlight 1 hour, coughs 

21 

2 09 

9 a m , redness has mueh increased since yesterday, coughing, intense 
diarrhea, died at 1 30 p m uhile exposed to sunlight 


Table 6 — Monkey M II 


Diet Corn oil cake 

no 2 (Indianapolis!, 100 Gm dailj Began feeding March 20, 

1914 Body 

height. 

3 68 Kg 




Bodi 



Date 

Weight 

Comment 


March 20 


Animal has diarrhea 


21 

3 30 

Animal has diarrhea 


27 

3 32 



April 2 

312 

Animal has diarrhea 


3 

3 07 

Animal has diarrhea 


IS 

3 00 



22 


Exposed to sunlight for 3 hours 


24 


Diarrhea continues 


25 

3 Ot 

Diarrhea continues 


27 


Exposed to sunlight for J hours 


Ma\ 2 

8 00 

Diarrhea continues 


7 


Exposed to sunlight for 3 hours 


0 

2 02 

Diarrhea continues 


11 


Exposed to sunlight for 6 hours 


14 


One hard boded egg added to diet 


15 

2 89 

One hard boiled egg added to diet 


16 


Diarrhea, tongue and gums normal 


19-21 


Exposed to sunlight every day, estimated 3 hours daily 


2‘’> 

2 60 

Diarrhea continues 


26 

2 40 

Edema of upper right eyelid 


31 


Subcutaneous hemorrhage on upper right eyelid, is very weak 

and looks 



depressed, exposed to sunlight for 30 minutes 


June 4 


Abnormal redness of gums 


6 


Animal unable to rialk intense diarrhea, died at 3 p m 



Table 7 — Monkey M III 


Diet Equal parts of corn meal ind sweet potatoes (caLes) Began feeding Mav 5, 1914 Body 


weight 2 5 Kg 


Date 

J30Qy 

Weight 

Comment 

Mar 9 

2 32 


11 


Exposed to sunlight for GV> hours 

12 


Exposed to sunlight for 3 hours 

15 


Exposed to sunlight for 3 hours 

16 


Animal has diarrhea 

19 


Exposed to sunlight for 3 hours 

20 


Exposed to sunlight for 1 hour 

21 


Exposed to sunlight for 2% hours 

22 


Exposed to sunlight for 1 % hours 

23 

2 3S 

29 

2 42 


June 5 


Exposed to sunlight lor % hour 

0 

2 39 

13 

2 39 


19 

2 2S 


26 

1 87 

Exposed to sunlight for 15 minutes 

27 

186 

Had been well up to today, is sick now cannot he roused from lying 
position, marked stupor, died at 9 p m 
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The data do not permit an estimation of the intensity of light to 
which the animals were exposed, foi though the day of the yeai is 
given and the an mass is calculable, othei factois, including the houi 


Table 8 — Monkey M IV 
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longer than the total exposuie would indicate as probable This was 
at a time of the yeai when the air filter was lelatively great as com- 
pared with that when the other animals, except M II, were subjected to 
experimentation, but the significance of this is unceitain Animal M VII 

Table II — Monkey M VII 


Diet Raw carrots Began feeding Maj 23, 1914 Body weight 2 5 Kg 
Body 

Date Weight Comment 


Slay 

23 


29 

June 

5 


13 


19 


26 


28 

July 

2 


3 


10 


14 


17 


25 

Aug 

1 


8 


15 


21 


29 

Sept 

5 


11 


15 


19 


27 

Oct 

1 


5 


10 


18 


24 


31 

Xov 

9 


12 


14 


2 50 
2 40 

2 35 
2 28 
2 30 


2 21 
215 

2 17 
2 09 
2 07 
2 05 
2 04 
2 02 
2 06 
2 16 
2 02 

2 02 
2 06 

184 
1 62 
1 58 
160 
162 
1 69 

1 62 


E\posed to sunlight % hour 
reces soft, color of carrots 

Exposed to sunlight 15 minutes, skin of face shons yellowish tinge 
In good condition, lively, exposed to sunlight 1 hour 
Diarrhea, skin shows marked yellow tinge 
Fed sunflower seed by mistake 

Diarrhea 

Diarrhea persists 


Diarrhea persists 


led bananas by mistake 


Diarrhea still persists 
Is weak 

lound dead at 12 SI 


Table 12 — Average Anmbei of Homs pet Day of Exposuie and Days Elapsed 

Befoic the Death of the Monkeys 


Diet 

SI I Corn oil 

SI II Corn oil 

4y erage for spring 

SI III Corn meal sweet potato 

SI IV Corn meal 

SI S Corn meal 

Ay erage for summer 

SI VII Raw carrots 



Exposure, 

Days of 

Exposure, 


Total 

Restne 

Hours 

Season 

Hours 

tion 

per Day 

Slarch 21-5Iay 21 

28 00 

01 0 

0 40 

Slarch 20-June 6 

24 50 

76 0 

0 32 



63 5 

0 39 

Slay 9-June 27 

21 25 

49 0 

0 43 

Slay 5- Tune 28 

21 23 

54 0 

0 39 

Slay 9-June 30 

22 75 

52 0 

0 44 



52 0 

0 42 

Slay 23-Noy 14 

1 75 

174 0 

0 01 


svas fed law caiiots instead of com oil corn meal or coin meal and sweet 
potatoes, which obviously ma)”^ have had an influence in the piolongatioa 
of life 

It IS of further interest to note the remarks as to the appearance 
of the skin and mucous membianes in connection with the amount of 
time of exposure to sunlight (monkeji-s M I and M II) 
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Finally, the authors’ note of good condition followed by piompt signs 
of illness after further exposure is of especial interest M I, May 20 
and 21 , M III, June 26 and 27, M V, June 25, 26, 28 and 29 

These notes suggest a critical influence of the shoit exposures fol- 
lowing dietaiy restiiction and previous exposure to sunlight'’' In 
contrast, the animal fed raw carrots and given a minimum of exposure 
to sunlight (M VII) does not appear to have exhibited a sudden 
change m condition at any time The significance of these comparisons 
could be detei mined only by further expeiiment under conditions con- 
trolled as to these factois 



Chart 1 — The hours of exposure to sunshine per day and the duration of life 
in da>s of monkeys I, II, III, IV, V and VII in Koch and Voegtlm’s experiments 
in the study of chemical changes m the central nervous system as a result of 
restricted diet of vegetables 

CREATINURIA AND THE AGE AND SEX INCIDENCE OF PELLAGRA 

The relatively high incidence of pellagra in women, especially m 
those of the child-bearing period, suggests an examination of the 
metabolism of piegnancy for a possible beaiing on the incidence of 
pellagra 

During pregnancy ceitam marked changes in metabolism are nor- 
mally found If the mother is given an adequate diet, gams m the 
amount of nitrogen are easily made in the latter half of pregnancy,’® 

“That, indeed, exposure to intense light is capable of producing a localized 
hyperthermia of the central nervous organs has been borne out by the investigations 
of Hill and his co-workers” (Sundstroem reference 98) 
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not only ample for the growth of the fetus, but lesultmg m a gam 
to the mothei This was legaided by Hoftstrom and by Wilson as a 
reserAe store of piotem to piovide for the needs of lactation Holfstiom 
and also Landsberg found, as well, laige positive gams in sulphur (and 
in phosphoius, calcium and magnesium) (Raiding^® and Macy and her 
associates ®‘^) Values for cieatimne aie reported by several obseivers 
to he within normal limits Cholestei ol inci eases in the plasma through- 
out pregnancy Ten days from dehveiy the changes chai actei istic 
of pregnancy have disappeared 

On the other hand, the urine is notably like that of the nonpregnant 
person under similar conditions, with the exception of the occuirence 
of cieatine in the urine in the later stages of gestation®® and for some 
time aftei Such a finding has not been described m pellagra noi 
as an effect of ultraviolet radiation, and there is no evidence to relate 
It to the cholestermemia chai actenstic of pregnancy, pellagra and ultra- 
violet irradiation, othei than might be suggested by the fact that 
cieatinuna and cholestei emia are chai actenstic of the menstiual peiiod 
as well as of pregnancy 

The oiigin of cieatme is undeteimined,^® and theiefore its appear- 
ance m the mine of women intermittently and in pregnancy is not 
understood Howevei, theie aie othei conditions characterized by 
creatinuria not necessaril}'^ pathologic, which, altogether, constitute an 
inteiesting parallel between the condition and the incidence of pellagia 

Hunter stated 

While the unne of the adult male on a creatine-free diet contains no creatine, 
that substance is a normal and constant associate of creatinine in the urine of 
children of either sex up to the age of puberty 

MacLeod ®‘ stated 

Creatine is present in the urine of children in considerable amount, but m that 
of adults only in traces In the first years of life the creatine of boys’ urine may 
amount to one-half the total creatine and creatinine, but it becomes gradually less 
and practically disappears at about seven years of age Girls, on the other hand, 
continue to excrete creatine until about puberty, after which, although ordinarily 
absent, it reappears in the urine at each monthb'- sexual c}mle, and is present during 
pregnancy and for some days after deliver}'- Feeding creatine to children causes 
It to appear m the urine, accompanied usually by a slight increase m the creatinine 
The same results can be observed in women during the monthly periods, when as 
much as 0 1 Gm may be present, and during pregnancy Creatine is also present 
m the urine of most if not all mammalia Fasting causes the creatine and 

creatinine metabolism of the adult to become like that of the juvenile metabolism 

Certain observers deny any special association of creatinuria with menstrua- 
tion, though recognizing its intermittent occurrence in women (Hunter, refer- 
ence 43) 
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Creatinuna may be induced oi inci eased m both men and \\omen 
by a great variety of experiments oi pathologic conditions The most 
important forms of induced cieatinuna aie those pioduced by staiva- 
tion, deprivation of caibohydiate (including diabetes mellitus, panel eatic 
diabetes and poisoning by phlorhizin, hydrazine, epinephime or sodium 
selenite), wasting diseases geneially, exophthalmic goitei, musculai 
atrophies and dystrophies and perhaps acidosis In muscular ati opines 
or dystrophies, 90 per cent or more of administeied creatine, even m 
small doses, appears unchanged m the urine (Huntei,'*’ p 603) Fon- 
tah (quoted by Hunter p 605) found a marked cieatinuiia following 
total thyroidectomy in dogs 

Koch and Voegtlm®’ lefeired to anothei chaiacteiistic of juvenile 
metabolism “During growth the relation of protein sulphui and neu- 
tral sulphui IS changed to a striking degree,” as is shown in table 13 


Taelf 13 — Compauson of Ncutial Sulphui zviih Piotcin Sulphui in the Biain of 

the Albino Rat at Dtffcienf Agci 



Protein Sulphur** 

Neutral Sulphur** 

1 (lay 

20 5 

48 2 

10 days 

44 5 

45 4 

20 days 

50 4 

28 0 

40 days 

02 7 

18 2 

120 day« 

01 8 

18 7 

210 days 

02 8 

14 5 


* Ihc figures represent the pereentage of the total sulphur 


“During the eaily stages, when growth is pioceedmg lapidly and 
chemical activities may be considered to be at their height, the propoi- 
tion of noncolloidal, relatively smaller, neutral sulphui molecules is 
at a maximum As the tissues grow and become more highly differ- 
entiated and mature, more and more protein is laid down as structuial 
material, and the proportion is shifted in the direction of the protein 
sulphur ” A compauson of the cortex of man at 2 years and at maturity 
illustrates this point 

Protein Sulphur Neutral Sulphur 
2 years cortex 63 22 

19 years cortex 73 12 

The only conclusion peimitted with lefeience to creatinuna is that 
It IS indicative of some departure from the relatively fixed and stable 
metabolism of the normal adult male “The avidity, if it may be so 
expressed, of the muscle for creatine and its efficiency as a machine 
develop together, and as they develop, creatine disappears fiom the 
uiine” (Hunter,^" p 611) With legard to the sexual influence. Hunter 
stated “perhaps if the point were examined it would be found, as 
Steams and Lewis seem to infer, that women leading a life of abundant 
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muscular activity exhibit no cieatinuria at all” (p 612) The athletic 
girl tends to minimize the apparent influence of the gonads in the 
metabolism of sex 

The arailable data appear to justify the statement that during the 
first years following mtra-uteime life, with respect to cieatinuria, the 
metabolism of both boys and girls resembles that of the mother The 
escape of the adolescent male from this characteristic seems to be 
attributable to a gonadal influence, habits of exeicise, food and possibly 
exposure to solar radiation, or to a combination of these, with or 
without othei factors Tonic doses of ultraviolet ia)’^s tend to establish 
the nitrogen equilibrium on a highei level, thus tending to “muscu- 


Table 14 — Race and Sex of Repotted Ca<;cs 









Race 



Death 


Reports 





and 


Rate per 



\ 

White 

Colored 

Sev 



100 Re 


Cards 

Re 


-A 

/ 

^ 

Not Re 

Total 


ported 

States 

Mailed 

plies 

Male 

Female 

Male 

Female 

ported 

Cases 

Deaths 

Cases 

Virginia 

2,359 

823 

174 

302 

49 

103 


628 

349 

55 59 

Korth Carolina 

1,849 

521 

543 

1,201 

130 

277 

261 

2,412 

1,067 

44 37 

South Carolina 

1,275 

287 

357 

772 

120 

351 

280 

1,880 

582 

30 95 

Georgia 

8,022 

735 

9S5 

2,142 

166 

575 

090 

4,558 

1,582 

34 70 

Kentuchj 

3,601 

723 

159 

283 

15 

24 

32 

513 

220 

42 88 

Alabama 

2,418 

561 

150 

988 

133 

680 

363 

2,314 

859 

3712 

Mississippi 

2,009 

561 

433 

954 

249 

907 

352 

2,895 

1,250 

43 17 

Louisiana 

1,930 

446 

123 

215 

69 

200 

03 

670 

290 

44 17 

Total 

18,463 

4,657 

2,924 

6,857 

931 

0,117 

2,041 

15,870 

6,205 

39 1* 

Colored 



931 

3,117 










3,855 

9,974 














Mhite 


Colored 

Alale 







2,924 


931 


Female 







6,857 


3,117 









9,781 


4,048 



* rgfcrcfeite fatalitj rate per livmdreci reported cases 


laiit}”, a normal diet is a necessaiy basis for this effect The influence 
ot food, work and light is almost inseparably bound up under ordinary 
In mg conditions 

It ma} also be noted that the tendency to creatmuiia and the inci- 
dence of pellagra aie imersely correlated with the functional capacity 
for the growth of hair as seen in beardless youth, bearded manhood 
and bald old age 

Possibly the tendenc)^ to creatinuna may be bound up with the 
fluctuations in metabolism characteristic of the menstrual cycle and 
pregnancy m women The basal metabolic rate of both boys and giils 
IS lelativeh'^ higb, but is subject to a sharp decline not comparable with 
the giadual descent of any othei decade The metabolic demands of 
grovth are hardl) constant or steady In relation to the degiee of 
muscularity or '‘active protoplasmic tissue,” these fluctuations ma}' 
be of significance 
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The eailiei data relative to lace and sex incidence of pellagia in 
the United States aie lepiesented in table 14, fiom LaMiidei 

Bulletin 153 of the Hygienic Laboiatoiy (table 15) gnes the age 
and sex incidence found among the white population of the cotton- 
mill villages studied in 1917 

The figuies of Lavmder show an incidence of pellagia in the 
female as coinpaied with the male of more than 2 1, but those of 
the cotton-mill villages studied show that this inci eased incidence in 
the female is limited to ceitam age gioups In table 15 theie is a 
notable parallel incidence of pellagr^, with lefeience to age and sex, 
and the tendency to cieatinuria described, which suggests that a better 


Table IS — Incidence of Pellagia Among White Pei sons of Diffeicnt Ages and 
Sexes m Twcnfy-Foui South Caiohna Cotton-Mill Villages Duiing 1917 
(by Age Gioups Aiianged to Shozv the Gicatcst Age 
Vai lations foi Both Sexes) 


Total 


Male 


remale 
— 


Age Group 

All ages 
Under 2 jears 
2 to 4 years 
5 to 9 years 
10 to 14 jears 
15 to 19 j ears 
20 to S9 years 
40 to 49 j ears 
50 to 59 years 
60 years and over 
20 j'ears and o\ er 


Pellagrins 


Total 


Rate 

Per- 

Kum- 

per 

sonst 

ber 

1,000 

22,050 

1,147 

52 0 

1,130 

3 

27 

2,141 

165 

771 

3,105 

307 

118 2 

2,605 

226 

86 7 

2,722 

21 

77 

6,998 

234 

33 4 

1,069 

69 

41 3 

954 

30 

37 7 

720 

26 

35 8 

10,347 

365 

35 3 


Pelagrins 

A - 


Total 

Per 

Num 

Rate 

per 

sonst 

ber 

1,000 

10,812 

483 

44 7 

560 

2 

36 

1,124 

89 

79 2 

1.574 

193 

122 0 

1,329 

131 

98 6 

1,212 

4 

33 

3,355 

10 

30 

841 

17 

20 2 

403 

IS 

38 9 

354 

19 

53 0 

5,013 

64 

12 8 


Pellagnns 

A 


Total 


Rate 

Per 

Num 

per 

sonst 

ber 

1,000 

11,238 

604 

591 

570 

1 

1 S 

1,017 

70 

74 8 

1,531 

174 

113 7 

1,270 

95 

74 5 

1,510 

17 

11 3 

3,643 

224 

01 5 

828 

52 

62 8 

491 

18 

30 7 

372 

7 

IS 8 

5,334 

301 

50 4 


“ Prom Hygienic Laboratorj Bulletin, no 103 
t As enumerated between May 1 and July 15, 1917 


uiidei standing of cieatinuiia might throw further light on the etiology 
of pellagra If the suggestion of Haidmg and Young (quoted by 
Hunter,^^ p 620), that cieatme is a derivative of cystine, should be 
confirmed, a possible influence of an error m sulphur metabolism as 
a factor m the etiology oi course of pellagra would receive some sup- 
port In this sense it may be noted 

In the age group fiom 2 to 4, neither sexual characteristics nor 
habits of the two sexes have become sharply differentiated, and neither 
sex IS much exposed to solar rays (male 79 female 74) 

In the age group from 5 to 9, the same comparison holds approxi- 
mately (122 113) 

In the age group fiom 10 to 14, the secondary sex characteristics 
are not yet fully developed, but the male is distinctly more a denizen 
of the open spaces (98 74) 
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In the age gioup fiom 15 to 19 the menstiual function has been 
established in the female and apparently outbalances the influence of 
am climatic oi other factor to which the male is exposed (3 11) 

In the age group from 20 to 39, not only menstruation, but moie 
especially pregnancy introduces profound recurring alteiations in the 
metabolism of the female, and the incidence of pellagra assumes the 
ratio of 3 61 The genuineness of the influence of pregnancy seems 
to be borne out by a ratio in the married woman as compared to hei 
single sister of 52 12 (H)^gienic Laboratory Bulletin,^® p 19) 

In the age group from 40 to 49, as a disturbing influence on 
metabolism the menopause appeals to rank with menstruation and 
piegnanc} (female 40 to 49, 62 20 to 39, 61), and “the male equivalent 
of the menopause,” or the slowing down of the metabolic rate, is rep- 
lesented by an inci eased incidence of pellagra in this decade (male 
40 to 49, 20 20 to 39 3, resulting m a ratio between the sexes for 
the age period of from 40 to 49 of, male 20 female 62 

In the age group from 50 to 59, as the menstiual cycle has ceased 
and the child-bearing period has passed, the relatively housed existence 
of the female again becomes apparent in its effects, and the ratio is 
38 36 After 60 years, this set of circumstances is again lepresented, 
but in sharper contrast, by a latio of 53 18 

The foregoing paragraphs, of necessity, aie piesented merely as 
suggestive, in new of the lack of any positive knowledge as to the 
pi emises 

GEOGRAPHIC DISTRIBUTION OF PELLAGRA IN RELATION TO 

ISOTHERMAL LINES ■* 

It has long been observed that pellagra is a disease chiefly of noith 
temperate latitudes Voegthn’s map (chart 2) clearly indicates this 
tendenc} His statement of the geogiaphic distribution is on a 
histoiical basis and is as follows It was first discovered in northern 
Spam About twenty years later, its existence was recognized in 
noithern Ital)-, then in the southwestein part of France, in the Balkans, 
especially Roumania, and more recently in lower Eg3rpt, Mexico, the 
West Indies and the United States, appearing in endemic form in all 
of these countries A few sporadic cases have been reported fiom 
Great Britain Canada, South Africa and India 

Wood’s statement m his article revised by Tayloi describes a 
similar but somewhat moie extended distribution 

At the present time the countries chiefly afflicted with pellagra are Italv, 
Roumania, the United States, France, Spam, Egypt, Serbia, Austria Its occur- 
rence also in South Africa, the West Indies, Hungary, Russia, Macedonia, Bul- 
garia, Greece, Turke^, Algeria, Tunisia, Rhodesia, Central Africa, Asia Minor 
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Persia, India, the Straits Settlements, Hawaii, Mexico, Brazil, Colombia and 
Argentina is noted, and in most of these countries it offers a medical problem of 
more than academic interest It is said to have occurred in New Caledonia, and 
possibly Central America A few cases have been noted in Korea 

Table 16 shows the appi oximate latitude of the countries in which 
pellagia is endemic and also their i elation to the isothermal lines of 
summer and winter These lines are also shown graphically in chait 
3 foi the 1101 them and southern hemispheres, respectively Practicall} 
all areas of endemicity he along the isothermal line of 80 F in summei 



Chart 2 — Geographical distribution of pellagra (After Voegthn U S Pub 
Health Rep 35 1436 [June 18] 1920 ) 


(July, North, Januaiy, South), regaidless of its latitudinal variations 
It IS also fuithei noted that where aieas of endemic pellagia occui 
along the line of 80 F the isothermal belt between 40 and 50 F winter 
tempeiature (January, North) closely appioaches the curve of 80 F 
foi summei, and where this approximation does not occur, with minor 
exceptions, pellagra is not reported as endemic The exceptions he 
in the toi rid zone and include southei n India and the Straits Settlements 
m the eastern hemisphere, and Mexico, the West Indies and Hawaii 
in the western hemispheie 
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ith legard to the tempeiate zone, it would appear that as a lesult 
of a hot summei and a cold wintei, eithei directly or through some 
influence associated with or arising out of this sequence of tempeia- 
tures repiesenting sharply contrasting seasons, pellagra tends to be 
endemic With regard to the ton id zone, it is possible that the minor 
endemic aieas of pellagia reported in this latitudinal belt aie apparent 
lather than true exceptions to the general condition of shaiply con- 
tiasting seasons Though there is no considerable variation in the 
summei and winter temperatures, the land areas of southein Asia are 


Table 16 — Geogiaphic Distribution of PcUagia, Showing the Appi oMviate Lati- 
tude and the Relation to Sitmviet and IP intei Isothennal Lines 




erage 

Average 



Summer 

Winter 



Tempera 

Tempera 


Approximate 

ture, F 

ture, F 


Latitude, 

(July X ) 

(Tan X ) 


Degree 

(Jan S) 

(Julj S ) 

Italj, northern 

45 N 

70 80 

40 

Roumania 

45 N 

70 SO 

30 

Lnited States, southern 

33 N 

SO 

40 50 

Trance, southwestern 

43 ^ 

70 SO 

40 50 

Spam, northern 

43 ^ 

70 80 

40 50 

Egypt, lower 

30 N 

80 90 

50-60 

Serbia 

43 N 

70 80 

40 

Austria, southern 

47 X 

70 SO 

30 40 

South 'Africa 

30 S 

SO 90 

60 70 

West Indies 

20 N 

80 

70 SO 

Hungary 

47 X 

70 SO 

80 40 

Eussia, Georgia 

42 X 

80 

40 

Macedonia 

40 X 

80 

40 

Bulgaria 

42 X 

SO 

40 

Greece 

40 N 

80 

40 50 

Turkej 

40 N 

SO 

50 

Algeria 

So X 

SO 90 

50 60 

Tunisia 

35 X 

80 90 

50 60 

Rhodesia 

20 S 

80 90 

70 

Central Africa 

10 S 

80 90 

80 90 

Asia Minor 

40 X 

SO 

50 

Persia 

35 X 

80 90 

50 60 

India, southern 

10 X 

80 

80 

Straits Settlements 

0 

80 

SO 

Hawaii 

20 X 

70 SO 

70 

Mexico, Yucatan 

20 X 

SO 

70 

Brazil 




Colombia 

5 X 

SO 

70 80 

Argentina 

30 S 

80 

50 60 


subject to the same seasonal ie\ersal of cm rents of wind (monsoon 
winds) as occur m the winters of the Indian Ocean north of the equator, 
a southw'est to northeast direction from Apiil to October and a noith- 
east to soutlwvest direction from October to April As a result, the 
eastern coast of southein India receives rain throughout October to 
April and the w'estern coast fiom Apiil to October These conditions 
undoubtedly represent a seasonal variation in the amount of radiant 
energy received from the sun, though they are not associated with 
an}'^ conspicuous variation m temperature The same considerations 
apply in laige measure to Mexico, which, with India and the Guinea 
Coast of Africa represents the aieas of land suiface subject to a 
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steady wind from one diiection for six months of the jear and fiom 
the opposite direction for the other six months, with the lesult of 
shaiply contrasting dry and wet seasons 

The foregoing observations, though simple, present decided difficul- 
ties in interpretation Obviously, solai rays, and piobabl) ceitam 
features of variability in solai radiation, have an important beaiing 
on the endemicity of pellagra Is it a thermal influence or aie the 
solar rays of ultiaviolet wavelengths of greater significance’ Which- 
evei wavelengths are impoitant, is their importance attributable to 



Chart 3 — Isothermal lines The heavy, unbroken line is 80 F summer tjulv, 
northern, January, southern), the average temperature The long dash line is 
the same for 70 F The continuous broken line enveloping numerals indicates an 
area of excess summer temperature, as 90 The short dash line with numerals 
indicates the average winter (January, northern, Jul>, southern) temperature, 
as 50 

a direct effect on human metabolism or is it mediated through another 
influence such as plant culture’ Is the climate referred to conducive 
to cultivation of certain crops and at the same time to the metabolic 
disturbances of pellagra, or does the cultivation of such crops result 
111 exposure to solar lays of considerable intensity in summer as con- 
trasted with low intensity in winter^ Are these climatic features so 
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well adapted to ceitain ciops that the population tends to puisue this 
particular foim of agricultme to the exclusion of a moie vaiied agii- 
cultuie, lesulting in a deficiency of a pellagi a-pi eventive factor m the 
diet’ Does the same intensive pin suit of one “money” ciop (neither 
food for man nor feed for animals) lesult in an economic dependency 
of the population on this crop and economic depression under unfavora- 
ble market conditions? Does the consumption of one aiticle of food 
as a laige pait of the staple diet render the population liable to a toxic 
01 bacteiial influence which the aiticle of food may acquire undei 
unfaioiable conditions of harvesting, prepaiation oi storage? These 
and doubtless other questions are involved in the observed geographic 
distiibution of pellagra, and furthei data, or at least further analjses 
of data, aie necessary foi a solution of the pioblem As befoie stated, 
this aiticle attempts only to piesent some of the data at hand in a 
suggestive way 



Chart 4 — Curve of the angle of the sun m the northern hemisphere 

CERTAIN I'EATURES OE THE PHYSICS OE SOLAR RADIATION 

The angle at which the sun’s rais leach the eaith is subject to 
diuinal and to seasonal variations With legaid to the former, suffice 
It to sa} that the maximum is at the sun s zenith, noon The seasonal 
laiiation m the tempeiate zone is lepiesented by a legulai ciuve, with 
onh one ascent to the maximum and one descent to the minimum 
during the 3 eai (chart 4) At the equatoi, twice a yeai, at the 
equinoxes, the sun’s rajs leach the eaith at 90° The minimum 
seasonal angle (winter solstice) foi any latitude south of the aictic 
ciicle IS determined bv subti acting the latitude fiom 66° 30' To this 
result the addition of 47° (the measuie of the eaith’s surface between 
the tropics) gives the maximum seasonal angle of the sun for the 
latitude (summer solstice) (chart 5) The cuive lepresenting the sun’s 
maximum angle throughout the yeai closely corresponds to the 
curve of mean temperature as obseived in Virginia (chart 6) and also, 
except for the fall season, to the actual sunshine as recorded by a 
thermometnc recoidei (chait 129) 
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Chart 5 — Trigonometry of the air mass or length of atmospheric penetration 
b} solar ra 3 s at latitude 36° 30' N 





Chart 6 — Virginia Cur\e of the angle of the sun The dash dot dash line 
indicates the average mean temperature The curve CH is for Cape Henrj’^, N, 
Norfolk, R, Richmond, L, Ljmchburg, and W, Wytheville 
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However, in the consideiation of the influence of solai ia}s on 
biologic phenomena it would seem that the atmospheric belt sui rounding 
the earth, thiough which the sun’s lays filter, when taken into account 
m connection with a var 3 ang angle of the sun, might yield values to 
which certain biologic phenomena would be found to correspond If 
the atmospheric belt is assumed to be 50 miles in thickness, then, given 
the angle of the sun, the length of the hypotenuse of the triangle may 
be leadily calculated trigonometrically by means of the sine or cosecant 
of the angle (charts 5 and 7 ) No allowance has been made for refrac- 
tion of the solar rays by the earth’s atmosphere or for the curvature 
and 11 regularities of the earth’s surface 

If this value is plotted out for all the angles between the seasonal 
minimum and maximum sun’s angle foi latitude 33°, the curve shown 



Chart 7 • — Curve of the air mass or length of atmospheric penetration by solar 
rays at about latitude 37° N 

m chart 10 is obtained Chaits 8 to 12 show how mateiially the length 
of the solai rays’ path through the earth’s atmosphere is influenced 
b} latitude 

Considerable data have been collected on the influence of this factor 
of the air mass or the length of the path through the air (which heie- 
after will be referred to as air filter) on the intensity of solar radiation 
and its depletion by watei vapor and by smoke and dust .(Kimball °° 
and Kimball*'^) The ultraviolet is most sensitive to the depleting 
influences of the atmospheric filter Sunlight at sea level contains 
from 1 to 2 per cent ultiaviolet from 43 to 53 per cent visible and 
from 57 to 43 per cent infra-red Sunlight on Mount Wilson con- 
tains from 2 to 5 per cent ultraviolet, from 50 to 55 per cent visible and 

* The physiologic effect of ultraviolet rays is modified by the obliquity of 
incidence on the surface of the body (Stewart, reference 92) The mathematical 
implications are the same as those applicable to the air mass penetrated bv the 
rays 
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from 48 to 40 pei cent infia-ied, and on Mount Whitne}, fiom 3 to 
6 pel cent ultraviolet, fiom 54 to 55 per cent iisible and fiom 43 to 
39 i^er cent infra-ied 

At Washington, D C (latitude, 38° 56' N , altitude 157 meteis), 
with average atmospheiic tiansmissibility, but little ladiation of vave- 



Chart 8 — Annual curve of the path of the solar rays through the earth's 
atmosphere at the equator The upper curve shows the sun’s angle at the summer 
solstice at the upper border of the pellagra belt m the United States , the lower 
curve, the sun’s angle at the winter solstice at the lower border of the pellagra 
belt in the United States 



Chart 9 — Annual curve of the path of the solar rajs through the earths 
atmosphere at latitude 23° 30' The upper curve indicates the sun’s angle at the 
summer solstice and the lower curve the winter solstice at the upper and lower 
borders of the pellagra belt in the United States 

lengths less than 350 ni/x, penetiates to the earth’s surface On excep- 
tionally clear days in winter, however, the receipt of this short wave 
radiation nearly equals that at Calama, Chile (latitude, 22° 28' S , 
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altitude, 2,250 meteis), with aveiage conditions of the sk}, provided 
the comparison is made with the sun at equal zenith distances at the 
two stations It appeals that the ultiaviolet radiant energy in sunlight 



Chart 10 — Annual curve of the path of the solar rays through the earth’s 
atmosphere at latitude 33° The upper curve indicates the sun’s angle at the 
summer solstice and the lower curve the winter solstice at the upper and lower 
borders of the pellagra belt in the United States The triangles show the calcu- 
lation of the path at the maximum and minimum angles of the sun 



Chart 11 Annual cur\e of the path of the solar rajs through the earth’s 
atmosphere at latitude 47° The upper curve indicates the sun’s angle at the 
summer solstice and the lower curve the W'lnter solstice at the upper and lower 
borders of the pellagra belt in the United States 

increases rapidly with an altitude above sea level and is diminished mark- 
edl} bj water vapor in the lower atmospheric layers The distribution 
of the water vapor content of the atmosphere is such that, in general. 
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at sea level it tends to equalize the inteiisit} of ultraviolet at difteient 
latitudes and at different seasons of the yeai 

Kimball gave the values shown in table 17 for wavelengths below 
346 m/A , indicating the actual and relative influence of air mass and 
water vapor, with corrections for average dustiness 

In table 17, the numeral 1 in line m represents the an mass wnth 
the sun m the zenith, the numeral 2 the sun 60° distant fiom the 
zenith (angle 30°) The numerals m line iv repiesent watei Aapoi 
measured in terms of depth of w^ater that wmuld he obtained if all the 
water vapor in the atmospheie weie precipitated The greatly inci eased 
filtering power of smoke and dust of cities is suggested by the latio 
of pyrheliometnc measurements on the campus of the Unnersity of 
Chicago and at Madison. Wis , onl} 1° 18' faithei north Taking the 



Chart 12 — Annual curve of the path of the solar rays through the earth’s 
atmosphere at latitude 66° 30' The upper curve indicates the sun’s angle at the 
summer solstice and the lower curve the winter solstice at the upper and lower 
borders of the pellagra belt m the United States 

observations at Madison at 100, those at the Umveisity of Chicago 
fiom December to Febiuaiy weie only 55 pei cent, and in June, July 
and August, 84 per cent 

In many tropical towms in the Biitish and Dutch Indies iieai the 
coast m low-lymg country with high humidity and much dust, the 
maximum intensity (of solar radiation) is not as great as that expe- 
iienced in June at midday on the coast of the North Sea 

With regard to the relative influence of dry air and watei vapor 
in depleting the ultraviolet ra}s of sunlight, while atmospheric pressure 
alters the value, wath the sun in the zenith at sea level, radiant energy 
below’- wavelength 346 m/i, is onty 38 per cent as intense as it was 
before entering the atmospheie, under the same conditions the piesence 
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of water \apoi in the amount of w = 4 cm (table 17) results m a 
- depletion to 31 pei cent of the value under depletion by dry air alone 
At Dai os, Switzerland, Dorno obseived the aveiage midday inten- 
sit} of solar heat, biightness and ultiaviolet ladiation by means of 
photo-electric cells (chart 13) (Clark,^® p 296) His curves not only 
show a midday vaiiation for ultraviolet lays of much greatei range 
than for heat or biightness, but that while heat and brightness corre- 
spond to the cuive of the angle of the sun (chait 4), ultiaviolet 
intensity coriesponds quite closely to the curve of the an filter (chart 7) 
This appears to be another demonstration of the influence of increased 
atmospheric mass to deplete the intensity of ultraviolet radiation and 
suggests that the depletion bears a direct relation to the length of the 
solar rays’ path through the atmospheie 


Tablf 17 — Vainer foi Wavelengths Below 346 Mi^ 
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Laurens said that 

The importance of sky radiation is very generally ignored It is evident that 
the beneficial effects of sunlight are in great measure due to its luminous and 
infra-red portions, as Rolher, Dorno and others hold Dorno shows that sky 
radiations at Davos contain, in contrast to the rest of the spectrum, from two to 
four times more ultraviolet shorter than 366 mM than does direct sunlight 

Abbott also demonstrated that on Mt Wilson skylight was several times richer 
m violet and ultraiiolet than was direct sunlight, while Tisdall and Brown find 
that December skjdight in Toronto has an antirachitic effect almost as marked as 
that obtained by exposure to the available sunlight 

AVhile areas of appi oximately the same latitude aie subject to 
approximately the same filtration of solar rays so far as this is deter- 
mined by air mass, when the observations are so controlled as to hold 
this factor constant, it is seen that the intensity of solar radiation at 
normal incidence may show different seasonal trends for areas not 
greatly separated in latitude Because of a possible bearing on the 
geographic distribution of pellagia in Italy, this seasonal variation is 

Kimball (reference 50) showed curves for total radiation that correspond 
more closel}' to the length of the path of the solar rays than to the angle of the sun 





SMITH-SOLAR RAYS AND METABOLISM 


959 


illusti ated here by the repoited observations at three Italian stations 
The obseivations aie based on diffeient an masses for the difterent 
stations^ but ne-veitheless a constant air mass thioughout the }ear 
for a given station They are based on pyrheliometi ic measuiements 
of solai intensity rather than ultraviolet ladiation, but the latio of 
ultiaviolet to the total probably does not vary greatly at the points 
mentioned The stations, their altitudes and latitudes and the periods 
of observation are as follows 

Naples 149 meters, 40° 32' N , December, 1913, to Januarj', 1915 

Florence 73 meters, 43° 46' N , June, 1915, to December, 1917 
^ Modena 51 meters, 44° 39' N , Alarch to November, 1900 , July to September, 
1901, Januar}^, 1902, to June, 1903 



Chart 13 — Average midday intensity of solar properties The curve H indicates 
the heat, UV, ultraviolet radiation, B, brightness, throughout the year at Davos, 
Switzerland (After Dorno, quoted by Clark, J H The Physiological Action 
of Light, Physiol Rev 2 277, 1922 ) 

The latitudinal boundaries of Italy are appi oximately 47° and 37° 
N A description of Christmas at Naples is suggestive of climatic 
conditions at the same season in Florida, 10° farther south Reference 
to chart 14 leveals a maximum intensity of solar radiation in wintei 
in Naples (for a given air mass), thus tending to offset the inci easing 
directness of the sun’s rays in summer, and a reversed condition with 
maximum in summer in Florence and Modena, only about 4° farther 
noith, thus tending to accentuate the increasing directness of the sun’s 
rays m summer An especially sharp rise is noted in March at Florence 
and at Modena 
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These measurements of solar intensity cannot be taken as measuie- 
ments of solar light or heat received during any given period of time 
Variability in the percentage of possible sunshine may occur directly 
with measurements of solar intensity oi otherwise This factoi, in 
its application to the measuiements at Washington, D C , and a com- 
parison of pyrheliometric measuiements at Mount Weather, Va , and 
Modena, Italy, are shown in table 18 (Kimball 

The average sunshine (percentage of possible) at Washington, 
D C , for the twenty-seven year period of observation prior to 1920^“'^ 
was as follows 

Jan Feb March April May June Julj Aug Sept Oct Nov Dec Annual 

47 54 55 58 61 62 64 61 64 61 55 49 58 



Chart 14 — Curves of the monthlj means of intensity of the solar radiation at 
three Italian stations The air mass in as constant for each station throughout the 
year, but was variable in selection for different stations The curve N' is for 
Naples , M, Modena, and F, Florence ( Mter Kimball ) 

The curves of ultraviolet radiation so far referred to deal nrth 
the phrsics of light as distinguished from biologic effects There is 
evidence to show that the enthemal effectiveness of ultraviolet rays 
of different lengths vanes greatl) For present purposes, it is suffi- 
cient to recognize that the erythemal effectiveness of ultraviolet solar 
ra)s in general is well established With regard to another effect 
of these rays, the antnachitic effect, Tisdall and Brown have fur- 
nished experimental evidence of maximal diurnal and seasonal varia- 
tions 

the influence or season and lmitude on metabolism 

The evidence with regard to the effect of season and latitude on 
metabolism is conflicting and inconclusive There are probably ample 
data m larious laboratories to determine whether there is a seasonal 
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tiend in the aveiage basal metabolic rates of noimal and abnoinial 
peisons in the difteient latitudes of the noithein hemispheie 

The Fm Noifh — While animals capable of enteiing on a poikilo- 
theimic state as in hibernation cannot be consideied to repiesent con- 
ditions in the human subject, the known facts connected with the 
hibernation of animals suggest that m these animals the metabolism 
is lowest 111 wmtei Hibernating animals sleep in the aictic night, and, 
sale foi ceitam nocturnal species, in geneial, animals sleep m the 
diuinal night 

Duimg liibei nation, hypoplasia of the anteiior lobe of the hipo- 
physis is found (Cushing, quoted b\ Wells Cannon and his 

associates'^ consideied the sympathico-adrenal mechanism the imme- 
diate agency in the lestoiation of the dormant animal to activity 

T\blc is — Mcasui cmcnts of Sola) Intensify 
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Bruman^° found a siinilai lesult aftei the use of ati opine and consid- 
eied the pai asympathetic mechanism as piedommantly responsible It 
IS possible that these observations may be consistent m view of the 
functional antagonism of the sympathetic and parasympathetic nervous 
systems and, fuither, that the influence of insulin and low blood sugar 
m bunging about an aitificial state of hibernation and of injections 
of dextrose in terminating it repiesents the mechanism of the sym- 
pathico-adrenal action in the natuial process Cannon and his co-woik- 
eis^^ found that the conditions that inciease the adrenal secretion m 
lower animals likewise mciease metabolism in man 

The observations of Lindhard on himself, which were made while 
he was living m Gieenland, led him to the conclusion that his metabo- 
lism, like that of the hibernating animal, was lowest in winter-' He 
attiibuted the inci eased metabolic activity of summer to light 

^ The use of artificial radiation to offset the lack of solar radiation during the 
antarctic stay of the recent Byrd expedition probably precluded the collection of 
data relative to basal metabolism in the personnel of that expedition 
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Laurens said that 

Lmdhard (Scandinavia) held that sunlight is the climatic factor which exer- 
cises the determining influence on respiration duiing the course of the year, the 
annual fluctuations in alveolar CO 2 tension being ascribed to the action of sunlight 
through an increase in the excitability of the center to CO 2 Sunlight was also 
considered the determining factor giving mountain climate its special character 
the consumption of oxygen and the production of carbon dioxide increased 
from midwinter to summer by 4 and 5 5 per cent, respectively The changes were 
similar to those observed in Greenland and on mountain tops, and to those produced 
by the action of C arc irradiation 

Briefly stated, the phenomena of hibernation include depression of 
metabolism, respirator}' and pulse rates, lespiratoiy quotient ( McLeod,® ‘ 
p 584 ), body tempeiatuie, blood sugar content and the function of 
the endocrine organs, especially the hypophysis and the adrenals The 
state of hibei nation does not appear to be due directly to cold Since 
the time of Lavoisier (quoted by Lusk®®), it has been recognized that 
cold increases the metabolism, and that in the hibernating animal a 
speedy transformation from the state of torpidity to one of activity 
occurs in case the surrounding tempeiature falls to a low level (Brit- 
ton) If the metabolism is lowest in winter in northern latitudes, 
It IS appaiently due to causes other than cold alone f 

The Tiopics — Generally speaking, the standards of noimal metabo- 
lism have been derived from studies earned out in the uppei levels 
of the noith temperate zone The repoits aie increasingly numerous 
to the effect that these standaids aie in excess of metabolic conditions 
noimal to the lowei levels of the noith tempeiate zone and the zone 
of the tropics 

With lespect to temperatuie and sunlight, seasonal differences are 
least 111 the tiopics (chait 8 ), and except foi the possible influence of 
watei vapor, seasonal variations in metabolism would be lelatively 
impiobable m the zone of the tropics 

Latitude of Boston and Chicago ( 42 ° ) — Gustafson and Bene- 

dict®® reviewed the hteiatuie 1 elating to seasonal vaiiations of metabo- 
lism, and in a stud} of eight }oung women in one gioup and five 111 
another, at Wellesle} (Massachusetts, neai Boston), they obtained 

Lusk (reference 66), quoting Lmdhard and Hasselbalch and Lmdhard, 
stated “The volume of respiration increases 26 per cent m summer The inten- 
sity of the metabolic processes is not affected ” 

T Metabolism in the Far North may be lowest in winter without necessarily 
reaching its maximum in summer, the peaks possibly occurring in the fall and 
spring Such an observation was recorded m one of Lindhard’s subjects m 1912 
(Scandinavia) (Laurens, reference 57) 
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Chart 15 — The continuous line in the curve is for the sunshine at Boston, from 
November, 1926, to January, 1928 The heavy broken line indicates the consump- 
tion of oxygen of eight subjects at Wellesley, the light broken line, the consump- 
tion of oxygen of five subjects at Wellesley (After Gustafson and Benedict ) 



Chart 16 — X indicates the average sunshine at Boston The broken line indi- 
cates the consumption of oxygen of one subject observed at Boston oier six and 
one-fourth years (After Benedict and Carpenter ) 
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similar curves for the two gi oups , the high peak of metabolism was 
found to be in June (chart 15) The vaiiation was about 13 per cent 
The male subject obseived by Benedict and Carpenter ® over a period 
ot SIX and a fouith yeais, at Boston, showed his highest late in 
November (chait 16) The variation was about 10 pei cent 



Chart 17 — The continuous hue indicates the sunshine at the Universit 3 ’^ of 
Chicago, from January, 1921, to March, 1922, the broken line, the average calories 
per average kilogram of one subject observed at the University of Chicago (After 
Kunde ) 
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Chart 18 The fields of dispersion and trend of daily measurements of the 
consumption of oxygen of two subjects at New Orleans HRH indicates eighty 
observations, none between April 24 and May 7, MEC, ninety-six observations, 
none between Februar}^ 10 and 18 (After Hafkesbnng and Collett ) 

The female subject obsened by Kunde®® at the University of 
Chicago shoved her highest late in Avinter (chart 17) The variation 
was about 5 per cent 

Thus, in this latitude the results reported by the several observers 
aie not consistent, but taken as a whole they might be considered 
consistent as a latitudinal group if fuither investigation should show 
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a reversal between the seasonal peak in latitudes faithei noith and 
farther south, respectively, as the piesent data seem to suggest 

Latitude of Southern United States — At New Orleans (30° N ), 
Hafkesbnng and Collett observed a fall of about 5 pei cent in the 
basal metabolism of tw'o female subjects when theie w^as a change 



Chart 19 — The dash, dot, dash line indicates the temperature at New' Orleans 
in 1924 The long dash, short dash line indicates the consumption of ovygen of 
each of two subjects at New Orleans in 1924 (February) Curve T indicates the 
temperature, HRH and MEC, the consumption of oxygen in March, 1924 (After 
Hafkesbnng and Collett ) 



Chart 20 — The continuous line indicates the cloud at New Orleans in 1924, 
the long dash, short dash line, the metabolic rate (decline) from^“cold” weather 
to “hot” weather at New' Orleans (A.fter Hafkesbnng and Collett) 

from cold weather to hot w'eather Chart 18 shows the trend and 
the fields of dispersion Whether oi not the observed fall from Febru- 
ar} to May was actual!} due to the increasing temperature of the air 
IS open to question Day by day in February the conspicuous tendency 
in both subjects was for the metabolism to rise and fall w'lth a rise 
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and fall of the temperatuie of the air (chait 19) Somewhat the same 
diurnal tiend is shown m March While a compaiison by months shows 
a fall of metabolism with a rise of temperature (charts 18, 19 and 20), 
there aie other climatic factors, including an increased percentage of 
sunshine and an mci eased angle of incidence of the sun’s rays (a 
deci eased air filter), that possibly should be considered as beaiing on 
the fall in metabolism from February to Ma}'^ 

A lowered intake of protein with an increasing temperatuie would 
appear to be a probable factor in the seasonal decline and in the gen- 
erally lower rates found in warm climates In certain sections of the 
population, this factor may be exaggerated by economic conditions, as 
described by Goldbeiger and his associates On the other hand, given 
even a moderate intake of protein, its specific dynamic action is definitely 
enhanced at temperatures pi evading during the summer in the south 
(Lusk,®® p, 234) 

Rubner said that 

One hundred grams of meat did not change the metabolism at 20°, 25° or 30°, 
200 grams of meat had no effect at 20° or at 7°, but at 25° and 30° there was an 
increase, although the food contained fewer calories than the requirement With 
320 grams of meat there was a great increase above the starvation requirement, 
except at 7°, vhere it is a maintenance diet and the metabolism remains unchanged 
In other words, at a temperature of 30° the specific dynamic action of this amount 
of protein is capable of increasing the heat production above that of starvation by 
about 53 per cent, while at 7° there is no change whatever It is also evident that 
at a high temperature even a small amount of protein, such as 200 grams of meat, 
causes a considerable rise of metabolism 

The suggestion that basal metabolism may be influenced by the 
solai lats appears to leceive some support from the observations in 

‘ Comparisons of this kind cannot be made without a consideration of the 
extent of exposure of the subjects to the prevailing external atmospheric condi- 
tions and the relative influence of these external conditions as compared with 
the influence of the indoor conditions at the time of the observation 

The metabolism determined inside the house and that determined in the open, 
Ijing naked on the sand, usually show an increase for the latter, depending, it 
seems, on chemical regulation of the loss of the heat The increase is observed 
when the sun is not shining, as well as when it is, but always occurs when there 
IS a wind so that it is most probabb’- due to stimulation of the skin (Laurens, 
reference 57) 

Kestner and his co-workers found that the sun at the seashore (and quartz 
mercurj' and carbon arc lamp radiation) strongly and immediately increases 
gaseous metabolism b}^ its action on the skin, though the increase is diminished if 
there is a simultaneous heating effect, which brings the chemical heat-regulating 
mechanism into action The effect is specific, being called forth by a stimulus to 
the skin These observers reported that the basal metabolism was increased at 
high altitude in winter, but not in summer, and although it also occurred in the 
absence of sunlight it i\as much greater wdien the hands and face were exposed 
to the sun 
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Virginia They aie limited and aie open to the criticism that the 
deteimniations of metabolism were not made on subjects selected as 
noimal The latter criticism is less valid as against the ultimate purpose 
in view, the demonstration of a reversed correlation between the avei- 
age basal metabolism of subnoimal persons on the one hand and the 
intensity of solai lays on the other hand, with special reference to the 
etiology of pellagra 

It has been brought out that the filteiing of ultraviolet rays vanes 
with the cuiwe of the air mass and with the amount of water vapor 
in the atmosphere It follows that these lays aie of gi eater intensity 
at the suinmei solstice, with a minimum of water vapor With refer- 
ence to the ail mass filtei. Dr P S Smith, in a peisonal communica- 
tion, reported that for 1928 the average basal metabolic lates^" (272) 
taken in the clinic at Abingdon, Va (latitude, 37° N ), reached a low 
le\el in June Examination of his cur\e (chait 21) shows that the 
general tiend is directly with the seasonal deci easing and increasing 
air filter Further, as to watei ^apor,f it is seen that after the sum- 
mei solstice the cuive of the aveiage metabolic rate tends to be deflected 
upward and downward awa> from the cui\e of the air filter to corre- 
spond with a use or fall in cloudiness In other words, the cuive of 
metabolism vanes inveisely with the mtensit}' of solai radiation 

At Richmond, Va (latitude, 37° 32'), the same tiends are noted 
The combined determinations of metabolic rate (1,976) foi the years 
1926, 1927 and 1928 are shown m chart 22 The rise m August to 
correspond with the rise in cloudiness is noticeable Since August is 
quite consistently a cloudy month m this geogiaphic area, it is inter- 
esting to note a consistent use in the metabolic late, which was highei 
than in either Jiilj or September, in each year of the thiee }eais 
Reference to the relative low lerel of the aveiage metabolism leached 
m the several years will be defeired until lefeience is made to the 
influence of a relatnelj cloudy winter season 

From studies made on white men, chiefly phjsicians, and on Negio 
laboreis m Brazil (Rio de Janeiro, latitude, 22° 54' S ), Almeida 
(quoted by Dubois suggested that m sufficient time all of the factors 
that modif}^ the total metabolism will finally altei the value of the basal 
metabolism According to Almeida, the basal metabolism depends on 
all the factors which m passing have modified the intensity of the 
habitual metabolism Among these aie muscular work, the level of the 

■'All rates above plus 20 being omitted so as to e\clude definite b 3 ^pertby- 
roidism 

fFor the present, reference to relative humidity was omitted, and only 
cloudiness was considered as it was observed at the nearest United States Weather 
Bureau station, Wytheville, Va , sixty miles distant 
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Chari 21 — Southwest Virginia X indicates the average sunshine at Wjdhe- 
v'llle, the two continuous curve lines, the curve of atmospheric filter, reversed, 
curve H, the humidity at Wytheville m 1928, the continuous lines, cloudiness at 
Wjtheville in 1928, and the broken line, the average basal metabolic rates at 
Abingdon, monthly, in 1928 (total determinations, 272) 



Chart 22 — X indicates the average sunshine at Richmond , the continuous 
curv'es, the curve of atmospheric filter , curve H, the av'erage humidity at Rich- 
mond in 1926, 1927 and 1928 , the continuous line, the average cloudiness at Rich- 
mond m 1926, 1927 and 1928, and the broken line, the average basal metabolic 
lates at Richmond, monthly m 1926, 1927 and 1928 (total determinations, 1,976) 
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intake of food and the difteience between the temperature of the body 
And the temperatuie of the air multiplied by the surface area 
In the tropics, all of these le\els are lower than those m the tempeiate 
zone These ideas lead leadily to the consideration of a hereditary 
lei el of metabolism or a genetic factor affecting the habitual rate 

The cotton-mill worker is the lineal descendant, and often merely 
the transplanted self, of the lural laborei of the southern part of the 
United States 

There has been recent experimental evidence to show that under 
certain circumstances rats may acquiie and transmit to their piogeny 
a capacity for growth and maintenance of nutrition devoid of vitamin 
B In contrast to this adaptation, it would not seem contrary to 
biologic phenomena geneially if a nutritive lack and a resulting meta- 
bolic depression were handed down from one generation to anothei 
Such a feature seems to be exemplified m the epidemiology of endemic 
goiter 

If, as Almeida supposes, m sufficient tune all of the factors that 
modify the total metabolism and in passing have modified the habitual 
metabolism will finally altei the \alue of the basal metabolism, it would 
appear that a perpetuation of factors tending to lower habitual and 
basal metabolism in the individuals of several geneiations would, in 
sufficient time, lesult in a le\el of metabolism which would constitute 
a characteristic that would tend to be passed on from one geneiation 
to another Such a conception could well include a specific nutritive 
lack as tending to the development of pellagra The characteristic in 
successive generations would not constitute an acquired character in the 
strict sense of persistence aftei the determining influences had ceased 
to operate, as the absence of the pellagra-preventive factor supposedly 
persists m the succeeding generations 

On this basis, possibl}- an explanation may be reached of the more 
recent observations that, contrary to earliei opinion, pellagra is not 
laie in children in the United States (Hygienic Laboratory Bulletin 
153, p 15) The children boin of the first geneiation of pellagious 
parents may well show an incidence of the disease differing fiom its 
incidence in children of countries such as Italy, wheie pellagia has 
been endemic foi many geneiations and wheie the disease is considered 
to be rare in children under 15 veais of age 

In vieiv of the histone prevalence of pellagia m ceitain Mediter- 
lanean countries, including Italy, and the comparatively recent 
development of the disease in endemic form in the United States, it 
would be of interest to note whether immigrants coming directly from 
aieas where the disease is endemic, foi example, in northern Italy, to 
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the southern part of the United States exhibit a tendency to the devel- 
opment of pellagra more promptly than was shown by the peoples from 
northern Europe and equatorial Africa, by whom the southern states 
were settled and among whom pellagra did not appear in endemic form 
for several generations 

Whether or not a different source of immigration might have 
resulted in an earlier appearance of pellagra in endemic form in the 
southern part of the United States, it hardly seems to conform to the 
data of the social and economic histoiy of the South to suppose that 
food habits or food supplies in this area changed radically in the forty 
years elapsing from the time of the war between the states until 1907 
On the other hand, the time estimated Goldberger and his associates 
for the influence of a deficiency of food to become operative in the 
production of pellagia is in terms of weeks or months only Food, 
occupation and climatic factors do not appear to have undergone a 
sudden radical and pellagra-producing change 

Under these circumstances it would seem necessary to assume the 
invasion of some infectious agent or the influence of some factor 
operating over a period of several generations with increasing inten- 
sity so as to result in the appearance of an endemic disease in 1907, 
which was hitherto unknown in this area except in sporadic form In 
Mew of the failure of well directed efforts to establish an infectious 
etiology, no other assumption seems to fulfil the conditions so well as 
the postulation of a genetic factor 

Definition of Cloudiness — Though cloudiness and sunshine are in 
a real sense opposite values, according to the standards of the United 
States Weather Bureau, they are not exactly so Theoretically, 30 
per cent of sunshine would be the equivalent of 70 per cent of cloudi- 
ness Actual!}, by the methods of the Buieau,'' they may be equnalent 

The Bureau describes its methods of observation as follows “The follow- 
ing tables give sunshine for 148 stations (1914), the monthly amounts of sunshine 
and percentage of the possible as derived from the automatic records made by an 
instrument designated the ‘thermometric recorder’ illustrated in the preceding 
volumes of this series This instrument does not record satisfactorily the duration 
of sunshine for about one hour after sunrise and for about one hour before sunset, 
and on this account it has been considered necessarv’’ to apply to the record for 
these hours what has been designated a ‘twilight correction ’ The amount of this 
correction is found by noting the comparative cloudiness of the sh}^ during the 
time that elapses between the hour of sunrise and the moment the instrument 
begins to record and between the time the instrument ceases to act and the hour 
of sunset The average cloudiness of the whole sky is determined b}^ numerous 
personal observations at all stations during the day time, and is given in the 
column ‘Daylight’ under cloudiness in the tables of Part IIP’ (United States 
eather Bureau Annual Report) 
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or they may vary as much as 15 per cent, as is illustrated by the month 
of Decembei, 1921 

Theoretical Actual 

Sunshine Cloudiness Cloudiness Variation 

Wytheville, Va 34% 66% 66% 0 

Charleston, S C 74% 26% 41% 15% 

Therefore, while it is legitimate to reverse a‘ veitical scale for 
cloudiness and present the largest figures at the bottom so that a rise in 
curves represents a relative increase in sunshine, the revel sed scale for 
cloudiness cannot be used for an exact representation of sunshine 



Chart 23 — The shading represents the prevalence and distribution of pellagra 
in the southern United States in 1926, 1927 and 1928 The numerals indicate the 
deficit of sunshine for December, January and February, during the period of 
observation prior to 1920, 70 per cent of possible sunshine being used as a standard 
(From Bull W U S Weather Bureau) 

ACCUSTOMED RADIANT ENERGY AND DEVIATION THEREFROM 

The stationaiy population of any given aiea of the eaitlTs surface is 
subject to deviation in at least tliiee ways in the amount of radiation 
leceived from the sun (1) vaiiation m the altitude of the sun and the 
thickness of the air filtei (annual regularity and seasonal vaiiation) , 
(2) vaiiation in cloudiness (annual irregularity and seasonal irregular- 
ity) and (3)' variation in exposure to the available sun in wintei and 
to the inevitable sun in summer (annual iriegularity and seasonal irfeg- 
ulaiity) 
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Laurens found the metabolic effects of ultraMolet iriadiation to 
be of gieatest significance when taken into account with the accustomed 
exposure to these rays, and he concluded that probably any deviation 
from the usual, so far as ladiant energy is concerned, acts as a stimulus 
that disturbs the metabolism of nitrogen, calcium and phosphoius 

It IS now proposed to examine certain features of pellagra as it 
occurs m the southern pait of the United States with reference to the 
idea that, so far as radiant energy is concerned, there may be a cntical 
maximum of exposure to solar rays beyond which a disturbance of 
metabolism conducive to pellagra results if the recent previous exposure 
has fallen below a critical minimum of safety (under certain abnoimal 
conditions of nutrition) , as a corollary, the least minus deviation of 
exposure to the available solar lays in winter and the least plus devia- 
tion of exposure to the inevitable solar rays in spiing, summei and 
fall (within the parallels of latitude rendered cntical by the earth’s 
seasonal position m relation to the sun) piobably tend to avoid such 
disturbances of metabolism as are conducive to pellagra ^ Any diffi- 
cult}' arising from the involved construction of this paragraph may be 
somewhat relieved by recalling the principles underlying sunburn 

The upper limit of the pellagra belt in the United States is defined 
appioximately by latitude 38° N , at which the maximal seasonal angle 
of the sun is 75° 30' 

For any given latitude the number of days the sun’s angle is above or below 
a gi\en degree at a gnen hour may be calculated, and the number of hours at 
which the angle is above or below a given degree may be calculated for any lati- 
tude at any season Since the physiologic effect of irradiation is one of intensity 
multiplied b\ time (Warren, reference 115), both are to be taken into account 
The element of time is involved m the amount of exposure as determined by 
occupation or other factors, as, for example, in the planting of cotton, and the 

element of intensity is involved in the fact that this crop is planted at or near 

the summer solstice The tentative assumption is 

Duration of elapsed time above a critical minimal angle is protective, duration 
of elapsed time below a certain minimal angle is sensitizing Work in cotton- 
mills involves the principle of duration of time below the critical minimum 
If the zone of pellagra in the northern hemisphere is between latitude 38° and 
30°, with a minimum seasonal angle of the sun of 28° 30' to 36° 30', and a 

maximum of 75° 30' to 83° 30', and if 34° is taken as the focal latitude and 

36° 30' as the protective minimum, the minimum for 34° is 32° 30', 4° below 
the protective minimum, and since the sun travels 47° m 182 5 davs, it is (at 34° 
latitude, with a minimum altitude of 32° 30') below the protective minimum of 
36° 30' thirtv-one days (2x4 = 8 degrees) (8 47 X 182 5) in the 3 'ear At 
the upper latitude of 38°, a longer period elapses below the protective minimum, 
but the period above the critical maximum is not so great If 50 miles is assumed 
to^be the depth of the atmosphere, the difference in the atmospheric belt trav^eled 
bv the sun’s rays at an angle of 32° 30' (latitude 34°) and 26° 30' (latitude 40°), 
respectwelj^ is 18 85 miles longer filter at latitude 40° (112 05 miles minus 93 2 
miles), and the difference at 32° 30' and 26° 30' is 1 3 miles (52 1 minus 50 8) 
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The lowei limit of the bell is dcrmccl appi oximalely by latitude 28" 
N , at which the minimal seasonal angle of the sun is v3S° 30' (chait 23) 

So fai as the sun’s angle is concerned, it would be mfciied that 
solai lays ha\c a pcllagia-pioducing cflcct m aicas icecivmg them at 
an angle of 7S" 30' oi above, but m view of the ichitivcly low piev- 
alcncc of the disease in the tiopics, a moic efficient pcllagia-picvcntivc 
cflcct would be attiibutcd to solai lays i caching the caith’s siii face at 
no time of the ycai below an angle of 38" 30' (Vocgtlin’s map, 
chait 2) 

A pcllagia-picvcntivc influence asciibcd to a minimal seasonal angle 
not falling below a ciitical point tends to be suppoitcd by the fact that, 
within the pcllagia belt, if the sunshine of a given aica is maintained 
at 01 above 70 pei cent of the possible sunshine foi the time of and 
following the wmtei solstice, Deccmbei, Januaiy and Tebiuan,} pel- 
lagia IS not picvalont ?.y viitiic of the absence of cloudiness, the 
solai ia}S icccivcd dm mg the wmtci appeal to have a piotcctive influ- 
ence of the same oidei as a minimal angle .ibove the ciitical point, 
though this appaicnt piotcctive influence of wintci sunshine cannot be 
appiaised without fuithci consideiation of i dative densities of popul.i- 
tion (iclativcly spaisc hetween longitudes 101° and 105° W ) and the 
economic pui suits of the people On the othci hand, since in the United 
States the aica appaicntly piotcctcd by a i datively high minimal angle 
of the sun in wmtei (Floiida) is also iclativcly high in wintei sunshine, 
confiimation of a sup]ioscd piotection fiom a high minimal angle would 
have to be sought in aicas faithci south with a deficit of wmtei sun- 
shine Howevci, the lumciplc of ])iolcction by ex]Josuic to a total of 
solai uus not falling below a minimum docs not seem to be iniolvcd 
in these distinctions 

■^Tlic idea may be somcwliat cle.iici if slated in terms of tlie .uhacenl side 
of the tiiaiiglo lalliei than the angle itself oi the liypolciuisc To those f.imih.n 
with the folkloie of the southein United Stales, the sl.itcmcnl will be icminiscent 
of the iiilc coneeinmg the ginmul-hog often quoted m connection w'lth the second 
day of Fcbiiiaiy 

If one IS accustomed not to cast a shadow' of less than tw-o and onc-h.ilf times 
one’s stiidc at noon dining most of the W'lntti and is'iathci acenstomod (.ictnallv) 
to cast a shadow' of one-half one’s stndc oi less at noon dm mg the snmmei (5 1, 
01 foi a 111 , in 6 feet tall, 90 inches 18 inches), one may not w'lth imjniinlv incin 
tile deficiency of diet desenhed by Goldbeigei 

{•Possibly a shift of .itteiition fioni the cloud of the tlnce months Deccnihei, 
Jamiaiy and Febmaiy would leycal a shaipci nide\ than these tliicc months 
1*01 example, the unusual cloudiness of Februaiy, 1927, tlnoughout nearly the 
w'holc South appc.iis to con elate hettei with the iiindencc of pellagra dunng that 
year as compaied with the cloudiness of Fchiuaiy, 1926, and the nuidcncc of 
liellagi.i 111 that ycai (chait 24) 




Chart 24 — Nine states Curve W indicates the winter cloudiness for 1926 and 


1927, using observations at all stations except for South Carolina, Greenville onl}', 
and for ^Iississippi, Memphis only, the continuous and broken curves W, same, 
using observations at all stations in each state The continuous broken line indi- 


cates the incidence of pellagra in 1926 and 1927 F indicates the February 


cloudiness for 1926 and 1927, using observations at all stations except for South 
Carolina and JIississippi, Greenville and Memphis only , the continuous and 
broken cunes F, the same, using observations at all stations in each state 
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A shell p definition of the uppei boidei of the pellagia belt in the 
United States seems to be supported by its distiibution in the state of 
Viiginia (chart 25) and Kentucky (chart 26) and a compaiison of 
Aikansas and Oklahoma with Missouri and Kansas 

The shaip bieak m the pellagia belt shown at longitude 101° W 
IS based on the lepoits of the distiibution and pievalence of pellagia 
in Texas for the period from 1907 to 1911 (chart 27) 

Examination of chart 23 shows that within the pellagia belt in 
the United States, in aieas wheie theie was no deficit of winter sun- 
shine belou 70 per cent of the possible sunshine (longitudes from 101° 
to 105° W), pellagia is not pievalent, that where theie is a slight 



Chart 25 — Incidence and distribution of pellagra in Virginia in 1927, 1928 and 
1929 (From the Virginia State Board of Health ) 


deficit below 70 per cent but not as much as 10 per cent (Floiida and 
California), theie weie less than 100 cases of pellagra pei state lepoited 

■^All data relative to the incidence, distribution and prevalence of pellagra in 
the United States are derived from the United States Public Health Reports and 
reports of the State Boards of Health While the data are based chiefly on 
returns from practicing physicians and are generally conceded to be incomplete, 
there appears to be a probability of average error which would equalize the appli- 
cation of the figures In instances in which careful enumeration has been made 
by official agencies (H 3 ^gienic Laboratory Bulletin, reference 45), the data are 
in general agreement with those from the sources generally used herein Statis- 
tics gathered by direct observation, as those of the Hj'gienic Laboratory, would 
be expected to represent more accurately the actual development of the disease 
than reports compiled from the data furnished by practicing ph}’'sicians , however, 
there is but little noticeable variation between the seasonal incidence as lepresented 
by the two classes of statistics 
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Chart 26 — Incidence and distribution of pellagra in Kentucky from 1907 to 
1911, incliisne (A.fter Launder) , 


I 



Chart 27 — Incidence and distribution of pellagra in Texas, from 1907 to 1911, 
inclusive (After Lavmder ) 
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in any yeai from 1926 to 1928 , inclusive, and that in aieas wheie theie 
was a deficit of winter sunshine of fiom 10 to 27 per cent below the 
standard of 70 pei cent (fiom the Atlantic coast to longitude 101° W ), 
there weie 500 or more cases of pellagia per state for each of the yeais 
1926, 1927 and 1928 

THE SEASONAL INCIDENCE OF PELLAGRA IN NINE SOUTHERN- 
STATES, FROM 1925 TO 1929, INCLUSIVE, IN RELATION 
TO SOLAR RADIATION 

The data on the seasonal incidence of pellagra in nine southern states 
aie plotted in charts 28 to 69 The relatively low incidence of pellagra 
111 Florida and California (lessfhaii 100 cases a }ear leported) renders 



Chart 28 — Virginia, 1926 In this chart and charts 29 to 60, i indicates the 
average sunshine at all stations for the period of observation The continuous 
curves indicates the curve of the angle of the sun The two continuous curves 
indicate the curve of the air mass or air filter The continuous line indicates the 
average of cloudiness at all stations , the broken line, the monthlv incidence of 
pellagra 


them unsuitable for pui poses of statistical stud}, and they are excluded 
from general statements 

The striking featuie of the chaits is the tendency for the seasonal 
incidence of pellagra to use and fall with the deci easing and inci easing 
air filter, if the cuive of ultiaviolet intensity at Davos is considcied as 
applicable to these states, the tendency is for the seasonal incidence of 
pellagra to rise and fall with increasing and deci easing intensity of 

■ The curve of the percentage of cloudiness for each state was obtained as a 
result of the average of all stations reporting from the state 




Chart 31 — South Carolina, 1926 









Chart 32 — South Carolina, 1927 



Chart 33 — South Carolina, 1928 



Cliart 34 — Georgia, 1926 







Chart 35 — Georgia, 1927 



Chart 37 — Tennessee, 1926 








Chart 38 — Tennessee, 1927 



Chart 39 — Tennessee, 1928 



Chart 40 — Alabama, 1926 
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Chart ^2 — Alabama, 1928 



Chart 43 — Mississippi, 1926 
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Chart 46— Arkansas, 1926 
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Chart 48 — Arkansas, 1928 



Chart 49 — Louisiana, 1926 





Chart 51 — ^Louisiana, 1928 



Chart 52 —Oklahoma, 1926 
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ultraMolet radiation, or, if the curie tentatively presented as that of the 
average basal metabolism m Virginia is considered as applicable gen- 
erally to the southern part of the United States, the tendency is for the 
seasonal incidence of pellagra to rise and fall m the direction opposite 
the rise and fall of the average basal metabolism * The larger the 
number of cases of pellagra in a given state for a given year, the closer 
these parallels tend to be j 



Any comment on the seasonal character of pellagra should take 
into account the careful investigation of this and other features of the 
subject that has been made and published by the United States Public 
Health Service In a study carried out m twenty-four cotton-mill 

''A low a\erage metabolic rate would appear to be less importait in the 
etiology of pellagra than the relation of radiation during the winter to that during 
the summer, otherwise, there is reason to believe that pellagra would be more 
common in the tropics than m the southern part of the United States 

T The data for the incidence of pellagra were taken from the United States 
Public Health Reports A few omissions w'ere supplied by estimate As a rule 
the earh months of the year appear to furnish a fairly reliable index to the total 
number of cases for the year 
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\illages in South Caiohna, from 1916 to 1921 — ^ivhich will be referred 
to hereafter as the H^glenlc Laboiatoi}’- report — the authors of this 
report stated that 

Our findings as thej' relate to the general curve of the seasonal incidence of 
the disease agree with those of the earlier students in the same locality, as they 




do also i\ith the general experience of observers in other localities in the North 
Temperate Zone, both American and European (p 33) 

Chait /O reproduces the curve representing the experience of these 
ln^ estigators, which the} described as follows 

The incidence of the disease for the twenty-four villages may, therefore, be 
considered as describing a curre, the outstanding features of which would seem 
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Chart 61 — ^Virginia, from 1925 to 1929, inclusive The continuous line indicates the average of 
cloudiness at all stations, the broken line, the monthly incidence of pellagra, the line m reversed 
parentheses, the summer season, the sun being north of the equator 



4* Chart 62 South Carolina, from 1926 to 1929, inclusive The continuous line indicates the aver- 
.X cloudiness at all stations, the broken line, the monthlj^ incidence of pellagra, the line m 

rci erased parentheses, the summer season, the sun being north of the equator , the dash, plus, dash 
line the secondary peak in the incidence of pellagra coincident with excess sunshine 
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Chart 63 — Georgia, from 1925 to 1929, inclusive The continuous line indicates the average ot ,i 
cloudiness at all stations, the broken line, the monthly incidence of pellagra, the line in reversed j 
parentheses, the summer season, the sun being north of the equator, the dash, plus, dash line, the | 
secondary peak m the incidence of pellagra coincident with excess sunshine i 

I 

I 

I 

ii 

f, 

I 



Qiart 64-Temiessee, from 1926 to 1929, inclusive The continuous line indicates the average 
of c oudmess at all stations , the broken line, the monthly incidence of pellagra , the line in reversed 
parentheses, the summer season, the sun being north of the equator 
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Chart 65 — Alabama, from 1925 to 1929, inclusive The continuous line indicates the average of 
cloudiness at all stations, the broken line, the monthly incidence of pellagra, the line m reversed 
parentheses, the summer season, the sun being north of the equator 



Chart 66 — ^Mississippi, from 1925 to 1929, inclusive The continuous line indicates the average 
of cloudiness at all stations , the broken line, the monthly incidence of pellagra , the line in reversed 
parentheses, the summer season, the sun being north of the equator 
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Chart 67— Arkansas, from 1925 to 1929, mclusne The continuous line indicates the a\erage ot 
cloudiness at all stations , the broken line the monthly incidence of pellagra, the line in re\ersed 
parentheses, the summer season, the sun being north of the equator , the dash, plus, dash line, the 
secondary peak in the incidence of pellagra coincident with excess sunshine 
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to be :ts beginning with March, a steep rise during April and ]\Iay to a sharp 
peak in the early part of June, followed bj an even more precipitate fall beginning 
during the latter part of that month, continued through July and August, and 
the termination with September or during October 

Continuing the discussion,^® these authors stated 

The extraordmanlj marked seasonal character of the endemic disease would 
therefore seem to be a phenomenon related to an annually recurring factor or 
factors operating within wide geographical limits In view of the proven dietary 
relation of the disease, it may be suggested that this annually recurring factor is 
probabh the recurring ^arlatlon in diet brought about by a seasonal modification 
of food supply which, in its turn, is probably the result of a variable complex of 
climatic and economic factors (p 33) 



Chart 69 — Oklahoma, from 1925 to 1929, inclusive The continuous line indi- 
cates the cloudiness at Oklahoma City, the broken line, the monthly incidence of 
pellagra , the line in rei ersed parentheses, the summer season, the sun being north 
of the equator 

The curves shown m charts 28 to 69 are therefore no exception to 
the general experience, and the fairly close parallel between the curves 
for the incidence of pellagra and for the air filter would suggest that 
the “annually recurring factor” is directly, and not indirectly, “cli- 
matic’ and IS not represented by a “recurring variation in diet” resulting 
from a variable complex 

In a further discussion of the general curve of incidence, the inves- 
tigators from the Hygienic Laboratory stated 

Recurring variation in diet w'ould explain the first part, the rise and upward 
course, of the curve of incidence as coming late in or immediately after, and due 
to a defective dietar}' period in the later part of the winter and of the early 
spring It w'ould explain the decline and cessation of incident cases as due to 
favorable modifications in diet associated with and following the changes in the 
food supph of the later part of the curve of seasonal incidence 
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In a footnote, it is obseived “theie aie leports in the literatuie which 
nould indicate that in some localities the curve of incidence may oi 
has shown a second and much less maiked peak in the late sumniei 
This Mould appeal to depend on factois of a less general chaiactei”, 
(p 33) Fioni an examination of* charts 28 to 69, it would seem 
that this statement might be bioadened to say that such a second and 
no less maiked peak (chait 47, Aikansas, 1927) may occur as late as 
Octobei 

Accoiding to chaits 28 to 69, the peak of the incidence of pellagia 
is neai the summer solstice A secondaiy rise or peak following the 
summei solstice is not seen,"' except when theie is a corresponding 
absence of cloudiness or a relative rise in the peicentage of sunshine 
In general, the cuive for pellagra deviates from that foi the an filtei 
to correspond Avith excess sunshine (chaits 32, 35, 37, 38, 41, 47, 50, 54, 



Chart 70 — The broken line indicates the monthly incidence of pellagra in 
twenty-four villages of South Carolina in 1917 (From Hygienic Lab Bull , no 
153) 

62, 63, 67 and 68) Doubtless, as man} peisons have a tissue metab- 
olism farorable to the development of pellagia in August as in eithei 
July or September, but they lack whatever influence theie may be in a 
relatively greater solar radiation oi irradiation t A limitation in 
intensity in solar radiation m the autumn is imposed by the declining 
angle of the sun’s rays, apparently reflected in the autumnal incidence 
of pellagra both in cotton-mill workeis and in the lural population 
The almost complete cessation of the incidence of pellagra m the cotton- 

Arkansas, 1926 (chart 46), is an exception, but the seasonal curve of the 
percentage of cloud also appears to be exceptional There is also the possibility 
hat a particular explanation is applicable, as in the instance of August 1921 m 
Arkansas ' 

t There is a tendency among farmers who raise cotton to “ease oft” in atten- 
tion to the crop in August (Vance, reference 110) 
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mill villages duiing the late fall and winter months and the continuation 
ot a relatively low but definite incidence m lural populations suggest a 
positne influence of exposure to the sun’s lays in the latter group (The 
autumn peak m sunshine apparently must have both height and breadth 
m order to effect an autumn rise in pellagia ) 

In the Hygienic Laboratory leport careful attention is given the 
“peak month” in the various villages studied, and on the basis of the 
chronological position of the peak of incidence, the villages fall into 
three groups The authoi s noted 

As IS clearljr evident, the outstanding differences in seasonal distribution of 
“onset” relate practicallj altogether to the position of the peak, so that it would 
seem as if the factor or factors responsible for the development of the disease, 
although beginning to make themsehes felt at about the same time m all three 
groups of villages, for some reason attained maximum force or began to be 
exhausted or both approximated a month sooner in the villages of two of the 
groups than m those of the third (p 28 ) 

Reference to charts 28 to 69, as stated, shows that the peak of 
the incidence of pellagia occurs near the summei solstice It may fol- 
low the summer solstice or it may piecede it, but as far as the 
obseivations go it does not piecede the peak of sunshine or the absence 
of cloudiness so fai as this peak occuis prior to the summer solstice 
If the peak of sunshine is i cached in May or June, the peak of pellagra 
is reached in June, if the peak of sunshine is delayed till July, the peak 
of pellagra is delayed till July 

In regard to the question of the chronological position of the peaks 
in the Milages mentioned in the H 3 'gienic Laboratory report, it is inter- 
esting to compare, so far as the available data will permit, the chrono- 
logical peak of the incidence of pellagra with the chronological peak of 
sunshine United States Weather Buieau stations are located at 
Greenville and at Columbia Since the location of the villages may be 
identified in the Hygienic Laboiatory report (chart 91), they may be 
giouped with reference to their proximity to Greenville and Columbia, 
respectively, and the prevailing conditions of the weather as reported 
for these stations, respectively, ma}'’ be used as the nearest available 
approximation to the conditions of the weather that prevailed in the 
gioups of villages at the time studied 

Foi one village with a population of 803 in the Greenville area, 
the Hygienic Laboratory report gives data on the incidence of pellagra 
for five years, from 1917 to 1921 (charts 71, 72, 73, 74 and 75) Foi 
two villages (Gy and Ola) in the Columbia area (chart 76), data are 
published for 1917 For five villages (Dun, Jn, Fn, Gr and Vr) in 
Greenville County data on the veather may be considered to have been 
faiil} certainly represented b} the United States Weather Bureau 
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repoit for Greenville, and data on pellagia aie available for 1917 
(chart 77 ) Table 13 of the Hygienic Laboratory report enables a 
comparison with available data on the weathei of the seasonal incidence 
and seasonal prevalence of pellagia in 1918 for six villages in the Green- 



Chart 71 — The continuous line indicates the'a\erage cloudiness at Greenville 
in 1917, the broken line, the monthly incidence of pellagra in one village in the 
area of Greenville in 1917 



Chart 72— -The continuous line indicates the average cloudiness at Greenville 
in 1918, the broken line, the monthly incidence of pellagra in one village m the 
area of Greenville in 1918 

ville aiea (chait 78) The incidence of pellagia in 1917 for seventeen 
villages in the area of Gieenville, though not in Greenville County, and 
condition of the weather prevailing in Greenville at that time aie' rep- 
resented in chart 79 
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Examination of these charts shows no tendency for the peak ot 
pellagra to precede the peak of sunshine The peak of pellagra is more 
prone to fall in June and that of sunshine m April (charts 71, 76, 77 
and 79) At In, m 1920 (Hygienic Laboratory report,^® table 33), 
there were 5 cases in May and only 4 in June, though the percentage 



Chart 73 — The continuous line indicates the average cloudiness at Greenville in 
1919, the broken line, the monthly incidence of pellagra in one village in the area 
of Greenville in 1919 



Chart 74 — The continuous line indicates the average cloudiness at Greenville 
in 1920 , the broken line, the monthly incidence of pellagra m one village m the 
area of Greenville in 1920 

of sunshine in June was slightly higher than that m Ma}^ but the sun- 
shine of March equaled that of June (chart 74) , this is obviously 
negligible When the peak of pellagra occurred m May (charts 73, 74 
and 75), the peak of sunshine occurred in April pf March 
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The clinical progress of the disease is generally similar to the curve 
of incidence — spring onset, summei exacerbation and improvement in the 
fall and winter Any study of the clinical state, metabolism or eftect 
of therapy should therefore take into account the season Sullivan, 
Stanton and Dawson’s'’" observations covered the period from July 13 
to Oct 11, 1917 



Chart 75 — The continuous line indicates the average cloudiness at Greenville 
in 1921 , the broken line, the monthly incidence of pellagra in one \ illage in the 
area of Greenville in 1921 



Chart 76 The continuous line indicates the average cloudiness at Columbia 
in 1917, the broken line, the monthly incidence of pellagra in two villages m the 
area of Columbia in 1917 


The investigators from the Hygienic Laboiatoiy found that the sea- 
sonal prer alence differed from the seasonal incidence onty in a lag of 
time of about two weeks They stated 

This brings out concretely what has long been recognized clinicall}^ namely, 
that cases of pellagra “normally” tend to get well m the fall with the advent of 
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cool weather This old and ver}' striking clinical observation gave rise to the 
idea that m some way the cooler temperature in itself had a beneficial effect In 
realitj, however, the decline in the season of prevalence, even allowing for the 
limitations of our data, sets in before the advent of cool weather, so that this can 
hardly be the real explanation of the phenomenon The similarity of the curve of 
prevalence to that of incidence naturally suggests that the factors, or some of 
them, operating to limit the season of incidence also operate to cut short the 
attack 



Chart 77 — The continuous line indicates the average cloudiness at Greenville in 
1917 , the broken line, the monthly incidence of pellagra in five villages in Green- 
ville Count}', 1917 



Chart 78 — The continuous line indicates the av'erage cloudiness at Greenville 
in 1918, curve I, the incidence of pellagra in 1918, P, the prevalence of pellagra in 
1918, in SIX villages in the area of Greenvnlle 

Here again there appeals to be another set of paiallels to the curv’^e 
of the air filter and possibly that of the basal metabolism reversed, 
culminating in the “normal” tendency to get well in the fall Though 
the decline of the season of prev^alence sets in before the adv^ent of 
cool vv'eather, it does not set m before the advent of a decline of the 
sun toward the south 
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That the investigators from the Hygienic Laboratory did not con- 
sider the matter closed with then report is shown by the following 
discussion 

Of the factors suggested as probably concerned in cutting short the season of 
incidence, the normal seasonal modification in food supply occurring in the summer 
would seem to be the only one that reasonably can be suggested as capable of 
operating in such a way as to limit the duration of the attack— that is, of prev- 
alence A piioitj this factor would seem entirely adequate to explain the nor- 
mally self-limiting character of the attack But whether it actually operates in 
the manner here suggested, as seems to us most probable, or whether some other 
factor or factors alone or m cooperation with the seasonal modification in diet 
are concerned in the explanation of the phenomenon under consideration remain 
for further study to determine 



Chart 79 — The continuous line indicates the average cloudiness in Greenville 
in 1917 , the broken line, the monthly incidence of pellagra in seventeen villages in 
the area of Greenville in 1917 

VARIATIONS IN THE ANNUAL INCIDENCE OE PELLAGRA 
WITHIN THE PELLAGRA BELT 

In the foregoing discussion of the seasonal incidence of pellagia, 
the positive influence of varying intensities of sunlight has been con- 
sidered, without reference to the principle suggested by Laurens as to 
the effect of deviation fiom the usual radiant energy Certain features 
of pellagra will be considered, with the idea in mind of a positive effect 
of the ratio between exposure to the solar lays in wintei and suminei 
Stated differently, the tentative assumption is that the solar radiation 
available in wintei by reason of an absence of cloudiness constitutes 
for the population concerned a standard of “usual radiant energy” which 
acts as a unit of exposure to which the population has for the time being 
become accustomed, and deviation from which as the sun approaches 
the summer solstice tends to produce pellagra If the intensity of the 
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summer rays is considered as constant by ignoring summei cloudiness,*’ 
increased cloudiness in \\ inter and increased exposure to solai rays in 
summer, as in the planting of certain crops, would tend to have a 
positive pellagra-producing effect 

The state (and sometimes the county) is the available unit for data 
concerning the incidence of pellagra Variations in the annual incidence 
will therefore be considered ivith reference to these units, and the 
apparent influence of the factois winter cloudiness and the planting 
of crops, together with a factor to be defined later as the delayed 
incidence or momentum, wall be examined 

First, however, reference will be made to the relationship between 
wnnter cloudiness and the average basal metabolism in a limited set of 
observations (table 19) 


Table 19 — Obscivafioits at Richmond, Va 



1927 

1928 

Low basal metabolic rate for the i ear 
tverage for summer months 

(lull) —10 8 

(Sept ) —8 49 

June 

— 6 88 

—7 95 

Julj 

—10 80 

—5 57 

August 

— 7 46 

—2 20 

Average 

— 838 

—3 24 

W inter cloud 

02 

40 


The ratios derived from table 19 show, if anything, a depressant 
effect of increased wunter cloudiness (1927) on the average basal 
metabolism for the following summer months 

Chart 80 shows the ratio of the wmtei cloudiness of 1928 to that of 
1927, and the ratio of the pellagra m 1928 to that m 1927 for the states m 
w'hich pellagra is reportable Georgia was the only state in which the 
winter cloudiness of 1928 exceeded that of 1927, but in six states (Vir- 
ginia, Mississippi, South Carolina Alabama, Louisiana and Geoigia) 
the ratio of the incidence of pellagra rvas greater than 1 It follows, 
therefore, that m general there rvas a greater incidence of pellagra 
m 1928 than m 1927, m spite of a generally clearer winter This 
geneial tendency will be referred to later m connection with the delayed 
onset or momentum For the present, it is noted that Tennessee, the 

By reason of the lack of solar radiation, a sensitizing feature may well be 
more significant than the intensity of the summer rays The mass of the 
atmospheric filter is not greatly influenced bv the angle at the sun’s maximum 
altitude at 40° and 34° latitude, respectively (1 3 miles), but is greatly influenced 
by the minimal seasonal angle at these latitudes, respectively (1885 miles) There 
seems to be little difference between the sun’s erythematous power as measured 
b} the air mass penetrated, at Philadelphia (40°) and Wilmington, N C (34°), 
but at Wilmington (34°) and Tampa (28°) there is a difference of 11 3 miles 
(93 2 miles less 81 9 miles) 
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state with the lo^^est latio of wintei cloudiness, did not show an inciease, 
but a fall, in the incidence of pellagia, and that of the four states 
with the lowest ratio of winter cloudiness (Tennessee, Oklahoma, Vir- 
ginia and Aikansas), none showed an increase and all, except Viiginia, 
showed a deciease of pellagia in 1928 as conipaied with 1927 

With leference to Virginia, in chart 81 it is obvious that while all 
sections of the state showed appioximately the same decreased ratio of 
1928 to 1927 wintei cloudiness, the rise m the incidence of pellagra 
uas limited to two sections in which 95 4 per cent of the tobacco ciop 
was planted, that these sections showed an increase in the planting of 



Chart 80 — Nine states The continuous line indicates the ratio of winter 
cloudiness, 1928 1927 , the broken line, the ratio of the incidence of pellagra 
1928 1927 


tobacco m 1928, and that the increase in pellagra m these sections, 
lespectively, was propoitional to the inciease in the planting of tobacco 
Charts 25 and 82 show the distribution of pellagia and the distiibu- 
tion of tobacco and cotton acreage, lespectively, m Virginia in 1927 
Wise County (in the southwest) is relatively densely populated and is 
strikingly low as compaied with the other counties of Virginia in the 
ratio of food and feed laised to the needs of the population^® 

The lemaimng five states shown in chait 80 (Mississippi, South 
Carolina, Alabama, Louisiana and Georgia) showed increased ratios of 
pellagia in general agreement (except foi South Caiohna) with the 
lelatively increasing ratios of winter cloudiness The significance of 
these compaijsons will possibly be increased in view of further analysis 
to be made of the factors under consideration 
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Chart 24 suggests that unusual conditions of the weather, such as 
the cloudiness in Feliruaiy, 1927, o\ei the aiea ot the southern pait of 
the United States generally, ma} hai'^e peculiai significance The coiie- 
lation beU\een the winter cloudiness for 1926 and 1927 and pellagia 
foi these two } ears is less close than the correlation between the cloud- 
iness in February and pellagra foi the same peiiods 

The predominantly rural chaiacter of pellagra (chart 126) sug- 
gests that if the duiation of exposuie to solai lays of lelatively high 
intensity is a factoi in the etiology of the disease, the planting of cotton 
and tobacco is of especial interest because of then importance as inajoi 
crops in the pellagra belt and because the ciops aie planted in a lelativel > 
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Chart 81 — Virginia The continuous line indicates the ratio of winter cloudi- 
ness, 1928 1927 , the broken line, the ratio of the incidence of pellagra, 1928 1927 , 
the dash T line, the ratio of tobacco acreage, 1928 1927 


great intensity of solar ra 3 ^s (near the summei solstice) However, 
It should also be noted that these crops probably lepresent the extieme 
of the tenantiy (economic) factor emphasized by Goldberger and his 
associates 

If the numbei of peisons lequired to plant an acie of cotton (one 
person to five oi six acres — Vance), the intensity of the solar ra}s 
during the planting of cotton and the dietary characteristics of the popu- 

For comparison with the time of planting these crops in North Carolina 
with the time of planting and harvesting other crops, reference should be made 
to the Farm Forecaster, North Carolina, 1928-1929, p 26, and to Phillips (refer- 
ence 78) 
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lation planting the cotton aie taken as constant, an acie of cotton may 
be considered a unit of pellagi a-producing factors, as is shown loughly 
toi Mississippi in charts 96 to 101, and a comparison of the incidence 
of pellagi a m relation to the exposuie during the previous winter may 
be regal ded as an expenment on a grand scale, the individual charac- 
teiistics of metabolism being taken care of in an average of the laige 
number of persons employed 

Delayed Incidence oi Momentum —Whattver the conditions favor- 
able to a high incidence of pellagra may be, it seems reasonable to 
assume that conditions operating bioadly to produce a high incidence in 
any given yeai would tend to affect an indefinite number of persons 



Chart 82 — Virginia, 1927 The dots show the distribution of tobacco acreage 
(divided by 100) , c shows the distribution of cotton acreage (divided by 1,000) 


who, whether the disease did or did not develop in them duiing the 
current year, would be somewhat moie liable to the disease the follow- 
ing year than would have been the case had the conditions of the cur- 
rent year been less favorable to a high incidence In other words, an 
increased incidence, foi example, m 1927 as compared with that in 
1926, might be expected to tend to an inciease in 1928 in the absence 
of a definite reduction in the pellagi a-pioducing factois This assumed 
tendency may be referied to as a delayed incidence or momentum 

The relative incidence in 1927 was actually and generally high in 
compaiison with that in 1926 (chart 24), and thus conditions favorable 
to the further increase m 1928 were probably created Such may also 
be the significance of the observation of the Hygienic Laboratory,^® 
that recurrent attacks probably tend to appear somewhat earlier in the 
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}ear than do initial attacks” (p 33) However, if the supposed 
“delayed incidence” is leal, the data point to the fact that the delay and 
the subsequent development of the disease are limited and defined by the 
same curve as the incidence of new cases as a whole and of recuirent 
cases, namely, the curve of the an filtei 

It IS hardly open to question that any tendency to eiror through 
the listing of recuiient cases as new^ cases would tend to be exaggerated 
b} a high incidence during the previous )'ear and thus add to a seeming 
momentum 

The idea of a delayed incidence may be illustrated by the fact that 
a seed that is sown one yeai may spring up the following year Wood 
lef erred to pre-pehagrous symptoms that made their fiist appearance 
about Christmas time, suggesting a premonitory hint of a delayed 
incidence 

The investigators fiom the Hygienic Laboratory referied to a 
possible “exhaustion of the human material of pellagrous potentiality” 


Table 20 — Mi';ussippt 



Jan 

Feb 

March 

April 

May 

Total 

Nov 

Dec 

1926 

210 

245 

353 

052 

1,178 

7,190 

314 

213 

192T 

217 

257 

394 

685 

1,100* 

11,570 

63St 

313t 

1928 

355t 

349t 

549 

1,029 

1,865 

10,810 

514 

279 


* Kstimated 

t There ms not an indication o£ “exhaustion of human material," but an indication of 
susccptibilitj of population and increased potentiality for the succeeding year 


(p 34) It IS possible that Washington County, Mississippi, lep- 
lesents an instance of this exhaustion (see table 21) The notion 
im olved in “delayed incidence” is the opposite It does not seem mher- 
ently contiadictory to suppose that high sunshine in the winter might 
lesult in an increased incidence of pellagra during the winter months 
and at the same time tend to offset the development of the disease 
during the following summer 

The tendency to a delayed incidence ma} be illustrated in the figuies 
given in table 20 for Mississippi 

Statistically, theie is a valid objection to considering along with 
supposed etiologic factors one expiession of the incidence of pellagra 
when the effect under consideiation is another expression of this inci- 
dence This objection is legaided as somewhat less valid m view of 
the tendency for the incidence of pellagra to appioach zero in the 
w inter 

In Noith Caiolina, pellagia was not made a reportable disease until 
1929 , however, the cune of the death rate in the state for seveial years 
IS shown in chart 83 There is a decidedly upw'aid trend after 1923 
The tiend of the cuive repiesenting winter cloudiness, cotton and 
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tobacco, wbeii reduced to a coniinon scale, is also upward until 1927 
(chart 84) In 1927, the death late foi pellagra showed a further rise, 
though there was a sharp i eduction in the planting of cotton Wintei 
cloudiness and the planting of tobacco, however, were in excess in 1926 
In 1928, the death rate for pellagia still further increased, cotton and 
tobacco acreage increased over that of 1927, but the winter cloudiness 
showed a sharp decline It is possible that the inci eased death rate for 
pellagra reflected the histoiy of pellagra of the preceding seveial years 
(momentum) Further data are necessary befoie the relative influence 
of pellagia-pioducing and pellagra-i educing factors can be appraised 
The scales used in chart 84 aie puiely arbitiary and do not furnish a 
basis for a comparison of values, except in trends 



Chart 83 — Death rates from pellagra m North Carolina, from 1922 to 1928 
(From the North Carolina State Board of Health ) 


If in any yeai in any state an increased incidence of pellagra (assum- 
ing reliable data) and a decline in winter cloudiness, cotton, tobacco and 
momentum aie noted, it is obvious that the etiologic factors of pellagra 
aie not comprehended in these influences However, the evidence that 
has been adduced by Goldberger and otheis in favor of a deficiency of 
food and an economic cause of pellagra has been employed by them 
with scientific caution as explanatory of certain features of the inci- 
dence of the disease (Hygienic Laboratory Bulletin,^® pp 45-64) and 
obviously IS available for consideration in connection with any othei 
supposed etiologic factor These authors stated that 

It seems reasonable to infer, therefore, that the year-to-year fluctuations in 
pellagra incidence in endemic localities are bound up with year-to->ear fluctuations 
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in economic conditions — that is, with conditions that influence the ability of a 
certain section of the population to procure an adequate diet, particularly at a 
certain season, the late winter and early spring of the year We believe we have 
here in a concrete, definite and scientific form, based on intensive study, the 
explanation, or a very important part of the explanation, of the long recognized 
phenomenon of year-to-year fluctuations in incidence of endemic pellagra (p 60) * 

Chaits 85, 86 and 87 show the distribution of deaths fiom pellagra 
and of cotton and tobacco acreage, lespectively, in North Carolina in 
1928 For comparison, chaits 88, 89 and 90 show the distribution of 
other major crops m this state m the same yeai 

Charts 91 and 92 show the distribution of pellagra and of cotton 
and tobacco acreage, respectively, m South Carolina for 1927 Chart 



Chart 84 — North Carolina Curve c indicates the cotton acreage, curve T, the 
tobacco acreage, and curie JVC, the winter sunshine from 1921 to 1923, and winter 
cloudiness, from 1924 to 1928, at Raleigh The triple line indicates the mean cotton 
acreage, tobacco acreage and winter cloudiness , the broken line, the death rate 
from pellagra per hundred thousand 

91 also shows the approximate location of the twenty-four villages 
studied in the Hygienic Laboratory report 

Though not necessarily a contradiction, it is nevertheless difficult to apply 
this principle to the decrease in pellagra in certain European countries following 
the World War In the League of Nations Health Reports a statement is made 
to the effect that the decrease in pellagra in Roumania after the war was expected 
to be permanent, but it was found otherwise In contrast is McCollum’s state- 
ment “Marked deficiency of protein in the diet over a considerable period, as 
when the population is at war or approaching famine conditions, and is forced to 
subsist on a diet of cabbage, lettuce and other green foods, has been observed 
to cause endemic drops}'” (reference 72) This, however, is not the deficiency 
described by Goldberger 
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The annual incidence of pellagra in 1926, 1927 and 1928, in 
Arkansas and Mississippi, is of special interest The incidence will be 
considered in connection with the data available for each, which differ 
in some respects 



Chart 85 — Distribution of deaths from pellagra in North Carolina in 1928 
(From the North Carolina State Board of Health ) 



Chart 86 — North Carolina, 1928 Distribution of the cotton acreage The 
value of the 1928 crop of cotton lint is represented by one dot to each $25,000 



Chart 87 — North Carolina, 1928 Distribution of the tobacco acreage The 
value of the 1928 crop of tobacco is represented by one dot to each $50,000 

In Arkansas, in each of the three sections of the state, western, 
middle and eastern (charts 93, 94 and 95), the winter cloudiness of 1927 
exceeded that of 1926 and 1928, and conveisely the cotton acreage was 
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1 educed m 1927^ The net result apparently attubutable to these fac- 
tors was a rise in the incidence of pellagia in 1927 above that of 1926 
01 1928, roughly in propoition to the excess of winter cloudiness If 
the increased incidence of pellagra in 1927 is consideied as a factor of 
momentum resulting m a delayed incidence, its effect is seen in the failuie 



Chart 88 — North Carolina, 1928 Distribution of the corn acreage The value 
of the 1928 crop of corn (grain) is represented b}' one dot to each $10,000 



Chart 89 — North Carolina, 1928 Distribution of the wheat acreage The 
\alue of the 1928 crop of wheat is represented b}' one dot to each $5,000 



Chart 90 — North Carolina 1928 Distribution of the oat acreage The value 
of the 1928 crop of oats (grain) is represented by one dot to each $1,000 

of the incidence of 1928 to fall to le\els comparable with those of 1926, 
though m 1928 an increase in cotton acreage would also have to be 
considered 

Arkansas was part of the flood area of 1927 (American National 
Red Cross “ United States Department of Agriculture and United 
States Public Health Reports^®®), and the mcieased incidence of pel- 



Chart 92 — South Carolina, 1927 The dots indicate the distribution of the cotton 
acreage (divided by 1,000) , T, the distribution of the tobacco acreage (divided by 1,000) 







Chart 93 — Arkansas, area of Fort Smith Cune JVC indicates the wintei 
cloudiness, curve C, the cotton acreage, the double line, the mean winter cloudi- 
ness and cotton acreage, and the broken line, the incidence of pellagra 



Chart 94 Arkansas, area of Little Rock Curve JVC indicates the wintei 
cloudiness , curve C, the cotton acreage , the double line, the mean winter cloudi- 
ness and cotton acreage, and the broken line, the incidence of pellagra 



SMITH-SOLAR RAYS AND METABOLISM 1013 

lagra was anticipated b} the United States Public Health Seivice^on 
the basis of a deficienc> of food and economic distress While 
observation does not disparage the effectiveness of the relief work 
oi dispiove the theories on which the relief woik among pella- 



Chart 95 — A.rkansas, area of Memphis Curve JVC indicates the winter cloudi- 
ness , curve C, the cotton acreage , the double line, the mean winter cloudiness and 
cotton acreage, and the broken line, the incidence of pellagra 

grins was based, it is of inteiest to note that Thatcher,®” in a study of 
the conditions in Pulaski County, Aikansas, reported that Dr Paul L 
Day estimated the vitamin B content of the diet m acute cases that 
developed after the flood, and while the results seemed to show a 
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deficiency of this and other vitamins both before and aftei the flood, 
the’ deficiency in Mtamin B was rather more marked befoie than aftei 
The available data for Mississippi are shown in charts 96, 97, 98, 
99, 100 and 101 This state w^as also invoked in the flood of 1927 
It is to be noted that the scale adopted for the i epresentation of the 
incidence of pellagra is ten times that of Arkansas Figures for the 
cotton acreage by counties are not available for 1926 1927 and 1928, 
except for ten counties m the flood area for 1926 and 1927, and these 
aie only appi oximate With the use of the United States Census 



Chart 96 — Mississippi, ten flood counties CAP A indicates the cotton acreage 
in flooded area, curve WC, the winter cloudiness, the broken line, the incidence 
of pellagra, the ^ertlcal column, plain, the average cotton acreage per county 
(divided by 1,000), in 1919, from the United States census, the vertical column, 
hatched, the average amount of pellagra per county, 1926 


figuies for 1920 (foi the }ear 1919), a striking correlation is noted 
betw^een the cotton acreage in 1919 and the incidence in 1926 of pel- 
lagra (vertical shaded columns in the charts) 

In regard to the possible influence of wmtei cloudiness and its 
apparent influence as compared with “momentum,” a somewhat unique 
opportunity is afforded in this state during these years to note reversed 
conditions wnth leference to winter cloudiness in different parts of the 





hatched, the average amount of pellagra per county m 1926 



Chart 98 — Mississippi, four lesser flood counties, southern Curve JVC indi- 
cates the winter cloudiness, the broken line, the incidence of pellagra, the vertical 
column, plain, the average cotton acreage per county in 1919, the vertical column, 
hatched, the average amount of pellagra per county in 1926 




Chart 99 — Mississippi, twenty-nine northern counties Curve JVC indicates 
the winter cloudiness , the broken line, the incidence of pellagra , the vertical 
column, plain, the average cotton acreage per county in 1919, the vertical column 
hatched, the average amount of pellagra per county m 1926 



Chart 100 — Mississippi, nineteen south central counties Curve IFC indicates 
the winter cloudiness, the broken line, the incidence of pellagra, the vertical 
column, plain, the average cotton acreage per county m 1919, the vertical column, 
hatched, the average amount of pellagra per county in 1926 
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state In all sections of the state, except in sixteen southern counties, 
the winter cloudiness in 1927 was m excess of that in eithei 1926 or 
1928 The area of these sixteen counties was also the only one in 
which the incidence of pellagra for 1927, as reported, was lower than 
that for 1926 or 1928 (chait 101) In general, during these three years, 
the incidence of pellagra conformed to the variation in winter cloudiness 
in all sections, however, in the fourteen northern counties included in 
the flood area, the incidence of pellagra for 1928 was higher than that 
for 1927, whereas winter cloudiness was lower Economic conditions 
may have been worse in 1928 than m the year of the flood, but this 



Chart 101 —Mississippi, sixteen southern counties Curve WC indicates the 
winter cloudiness, the broken line, the incidence of pellagra, the vertical column, 
plain, the average cotton acreage per county in 1919, the vertical column, hatched,’ 
the average amount of pellagra per county in 1926 

would seem improbable On the other hand, it is noticeable that these 
counties constitute an area of normally large cotton acreage, of high 
incidence of pellagra for 1926 and of a gross numerical increase in 
incidence for 1927 (approximately 3,100 and 700 cases, respectively, 
charts 96 and 97) If the increased incidence of pellagra in 1927 is 
considered a factor of momentum resulting in a delayed incidence, its 
effect is seen in the failure of the incidence for 1928 to fall, on the 
contrary, an actual and marked rise occurred 

Chart 102, which includes the ratios of winter cloudiness, cotton 
acreage in the flooded areas and the incidence of pellagra for 1926 
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and 1927, for the ten major counties m which the flood occurred, shows 
for the first se\en counties a fairly consistent conformity to the posi- 
tive influence of winter cloudiness and the planting of cotton on the 
incidence of pellagra as suggested by previous figures Of the three 
other counties, two, Issaquena and Warren, reported only 8 and 59 
cases of pellagra, m 1926, respectively, and therefoie are hardly suit- 
able foi statistical pui poses The great increase of pellagra m Wash- 
ington County m 1927 may ha\e had some relationship to the figures 
given in table 21 

AVhethei or not the figures m table 21 embody an explanation of 
the relativel} high ratio of pellagra m Washington County in 1927 is 

Table 21 — Iiicicasc of PcUagia m Counties 
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' Ihi'! column represents actuallj the “Acres of flood area expected to be planted m 1027” 
in other crops than corn and haj, as ‘an act of Congress speciflcall> prohibits our publishing 
any report regarding intentions to plant cotton ” By comparison of other sets of d ita on 
other crops ’ and cotton, about 02 per cent of the foregoing figures represented cotton 
acreage 


not entirely clear The population aftected by the flood was much 
greater than that in any other county The flooding of a high per- 
centage of the cropland of this county may have lesulted in extieme 
economic depi nation Extensive planting of cotton under postflood 
conditions may have involved labor and exposure to midsummer solar 
ra}S in a degree not normal to the planting of cotton The fact that 
in the early period, from 1907 to 1911, Washington County had a 
greater population per square mile and a larger incidence of pellagra per 
square mile than arn other county in this group may be of significance 
The failure of this county to show an increased incidence m 1928 also 
remains unexplained Figures foi the acreage of cotton for the coun- 
ties of the entire state for 1926, 1927 and 1928 might throw furthei 
light on the relative incidence, but these figures have not been available 
Chaits 103 and 104 show the distribution of pellagra and cotton, 
respective!} m Mississippi for 1926 and 1919 
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Chaits 105 to 126 aie presented by wa} of a summar} of the 
factois that have been discussed as having a possible i elation to uhe 
annual incidence of pellagia in a given aiea Then significance is 
subject to seveial impoitant limitations, which will be mentioned, and 
doubtless to other limitations that will be apparent to expeit statisti- 
cians Vaiiations in the scales used in different figuies for the same 
class of data, for example, the incidence of pellagia m Virginia and 
m Mississippi, limit their significance to the lepiesentation of tiends 
lather than of absolute values Agiicultural a allies foi Viigmia aie 



Chart 102 Ten major flood counties of Mississippi in 1927, with ratios of 
1927 1926 Curve WC indicates the winter cloudiness, curve CA, the cotton 
acreage in the flooded area of each countv, the broken line, the incidence of 
pellagra 


based on tobacco, the relatively small amount of cotton planted being 
ignoied For South Carolina, the crop of tobacco is ignoied, and foi 
Tennessee, the cuives pertaining to the value of tobacco aie shown, 
but are not included when means of cuives are plotted Except for 
Virginia, cotton is the basis of the agricultural values used 

The curve of deaths from pellagia in the United States Registration 
area {Z, chart 126) is probably more neaily in accord with actual 
conditions than the various curves lepresenting the incidence of pel- 
lagra, such as AV in chart 126 However, ceitain of the reports of 
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the incidence of the disease would appear to have a fairly reliable 
accuracy in view of the fact that m the Report of the Bureau of Com- 
municable Diseases for June, 1930, in Mississippi, the percentage of 
physicians reporting is given as 99 18 



Chart 103 Incidence and distribution of pellagra in Mississippi in 1926 
(From the ]\lississippi State Board of Health ) 

A primary assumption underlying charts 106 to 125 is that the 
factors determining the influence of pellagra ma)'^ vary in different 
seasons of the year, and with respect to the eighteen charts (charts 106 
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to 123) for nine states, half of the figures represent the first and half 
the second six months of the annual cycle Likewise, charts 124 and 
125, showing composite data for four states, represent the first and 
second half years, respectively 



Chart 104 — j\Iississippi, 1919 Distribution of cotton acreage Cdivided bv 
1 , 000 ) 

In view of the data already presented tending to relate the distribu- 
tion of pellagra to that of the planting of cotton, an index has been 
sought m the economics of the cultivation of cotton that might show 
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Chart 105 — Annual gross income per farm, 1924-1928 (From the United States Department of 
Agriculture, \ earhook of Agriculture, 1930 ) 
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Chart lOo Virginia, from 1920 to 1929, inclusive Curve A indicates the incidence of pellagra 
in the hrst half rear, from Januari to June, inclusive, curve WC, the winter cloudiness (December, 
January and Februar^), an aierage of all stations, curve B, the cloudiness (sunshine) at Lynchburg 
the preiious Voi ember Curve C the current vear’s tobacco acreage, cur\e F, the production of 
tobacco for the prerious jear (acreage multiplied by jneld per acre) , curve G, the previous Decem- 
ber 1 price of tobacco, .1/, the preiious A’ovember and December, current January and February inci- 
dence of pellagra, jV, mean of Xor ember cloudiness {B), tobacco acreage (C), previous 3 "ear’s pro- 
duction of tobacco {F), prerious December price of tobacco (G) and “momentum’ from pre\ious 
rear {M) 
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some coiiespondence between the diinual \anation and annual varia- 
tions in the incidence of pellagia, thus tending to illustrate and interpret 
the influence of economic conditions in the causation of pellagia, among 
the population planting cotton, as held by Goldbeigei and his associ- 
ates — an attempt as applied to the ruial population roughly paiallel to 
the detailed study cairied out by the H}gienic Laboiatoiy (Hygienic 



Chart 107 — Virginia, from 1920 to 1929, inclusive Curve V indicates the inci- 
dence of pellagra in the second half year, from July to December, inclusive, curve 
0, the production of tobacco for the current year , curve P, the price of tobacco 
for the current jear, curve S-M, the incidence of pellagra m the first half of the 
current 3 'ear, curte U, the mean of the current year’s production of tobacco (0), 
the current jears price of tobacco (P) and the “momentum” from the first half 
of the current jear (5) 



Chart 108 — South Carolina, from 1926 to 1929, inclusive Curve A indicates 
the incidence of pellagra in the first half j'ear, from January to June, inclusive, 
curve JVC, the winter cloudiness (December, January and February), an average 
of all stations, curve Bx, the cloudiness (sunshine) at Greenville the previous 
November, cur\e C-CA, the current year’s cotton acreage, curve F, the produc- 
tion of cotton for the previous 3 'ear (acreage multiplied by yield per acre) , curve 
G, the previous December 1 price of cotton, curve L-M, the previous November 
and December, current January and February incidence of pellagra, curve iV, the 
mean of the November cloudiness (5), the cotton acreage (C), previous year’s 
production of cotton (P), previous December price of cotton (G) and the “momen- 
tum” from the previous year (L) ” 

Laboratoiy Bulletin,^' p 117) m cotton-mill villages in South Carolina 
Foi this puipose the following facts seem pertinent 
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Chart 109 — South Carolma, from 1926 to 1929, inclusive Curve V indicates 
the incidence of pellagra in the second half year, from July to December, inclusive, 
curve 0, the production of cotton for the current year , curve P, the price of cot- 
ton for the current year, curve S-M, the incidence of pellagra in the first half 
of the current year, curve U, the mean of the current j ear's production of cotton 
(O), the current year’s price of cotton (P) and the “momentum” from the first 
half of the current vear (i") 



Chart 110 — Georgia, from 1925 to 1929, inclusive Curve A indicates the 
incidence of pellagra in the first half year, from January to June, inclusive, curve 
JVCj the winter cloudiness (December, January and February), an average of 
all stations, curve Bi, the cloudiness (sunshine) at Atlanta the previous Novem- 
ber , curve C, the current year’s cotton acreage , curve P, the production of cotton 
for the previous year (acreage multiplied by yield per acre) , curve G, the pre- 
vious December 1 price of cotton, curve L-M, the previous November and 
December, current January and February incidence of pellagra, curve N, the 
mean of November cloudiness (B), cotton acreage (C), the previous year’s pro- 
duction of cotton (P), the previous December price of cotton (G) and the “momen- 
tum” from the previous year (L) 
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In general, the annual gross income per farm is lowest in an area 
coiiesponding to the distribution of cotton and pellagra, though it is 
not stiictly so limited (chait 105) 

The cotton is planted in the late spring and early summer, and is 
maiketed by farmeis,'*''® as is illustrated for 1928 

Aug Sept Oct Nov Dec Jan Feb Mar April May June July 
Per cent 46 156 248 208 128 54 40 48 18 16 19 19 

This tabulation shows that 78 6 per cent of the crop is marketed from 
August to December, inclusive 

Of the faims in the cotton belt, from 50 to 66 per cent are operated 
by tenants These farmers and many who own their farms raise and 
maiket the crop largely through the medium of credit, with little money 
m hand oi leseive of cash at any time of the year These conditions 
suggest that duiing the first half of the year the economic status of the 
faimei who maikets a single crop (cotton) depends largely on the pro- 
duction and puce of cotton for the previous six months, and that his 
economic status for the second half of the year depends laigely on the 
production and puce of cotton for the current period For this reason, 
the pioduction of cotton (acreage multiplied by yield per acre) for the 
pievious yeai (F in the charts) and the puce on the previous December 1 
(G m the charts) have been selected as economic indexes for the first half 
of a curient yeai The curves for these factors, production and price, 
have been plotted sepaiately, lather than multiplied in order to obtain a 
total value of the crop Aside from a puou leasons that might favor 
plotting the curves foi pioduction and price separately, there is appar- 
ently a closer coi relation between these curves so plotted and the curve 
of the incidence of pellagra than between a curve of the value of the 
entire crop of cotton and the incidence of pellagra The scale of all 
economic factors is leversed so as to represent a decreased value b}'’ 
a rise m the curve to correspond with the suspected influence of eco- 
nomic depression tending to a rise in the incidence of pellagra 

' There seems to be no reasonable doubt that there is a direct correlation 
between the planting of cotton and the incidence of pellagra, but interpretation of 
the statistics introduces several possibilities Reference has been made to exposure 
to sunlight as a possible positive (climatic) influence and to acreage as a factor 
in the value of the crop as a possible negative (economic) influence Neither of 
these points of view takes into account still another consideration, viz , the extent 
to which the planting of cotton crowds out the planting of gardens, ownership of 
livestock and poultry and other agricultural pursuits tending to supply the popu- 
lation with pellagra-preventive foodstuffs This phase of the economics of the 
planting of cotton in relation to the etiology of pellagra has been emphasized by 
Wheeler and others At least it would appear that the relation of the planting of 
cotton to the incidence of pellagra might be advantageously subjected to further 
investigation 
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In the second half of the year the cur^e for the production of cotton 
(Oj IS the same as that in the first half (/*), but is plotted currently 
for the }ear, and the curve for the price of cotton (P) repiesents the 
current price for August 1 rather than for that of the pievious Decem- 
ber (G) 

In chart 126, the cunes foi deaths from pellagra (Z) and the inci- 
dence of pellagra {AN) represent these data foi the whole year rather 
than for the first or second half and the curve Y represents the farm 
■\alue of the cotton for the previous December 1 (acreage multiplied by 
yield per acre times price) 

In representing climatic factors possibly related to the incidence ot 
pellagra, the curi-e of winter cloudiness (JVC) is plotted in connection 
u ith the data for the first half of the year for each state Graphicall} , 



Chart 111 — Georgia, from 1925 to 1929, inclusne Curve V indicates the inci- 
dence of pellagra in the second half jear, from July to December, inclusive, cur\e 
O, the production of cotton for the current j’ear, curve P, the price of cotton 
for the current vear curve 6 -- 1 /, the incidence of pellagra in the first half of the 
current vear, curve U, the mean of the current year’s production of cotton ( 0 ), 
the current 3 ear s price of cotton (P) and the “momentum” from the first half 
of the current vear ( 5 ) 

With the exception of \ irguiia, a general and direct correlation is not 
suggested, and the curve has not been included in the means deined 
fiom the other plotted curves There is here an apparent and possibh 
a real contradiction to the suggested influence of cloudiness m 
tv inter in contrast to solar exposure in summei as im^ohung a 
significant principle of change fiom accustomed conditions As 

prevnously stated and as illustrated by chart 24, the sup- 

posed principle of the influence of unaccustomed exposure to solar 
ra 3 s may hav^e a greater v^ahdit)’- than is indicated by the measure 

adopted 1 e , average cloudiness at all stations vv ithin a giv'en state for 
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December, Januar} and Febriiai\, the exposure to solai ia}S duiing 
the spring and summer being legardetl as constant As an illustration 
of the possibilit} of a nearer approach to conditions of leality b} 
observing a difierent index of shifting exposure to solai ia}S (chaits 
106, 108, 110, 112, lid, 116, 118 120 and 122) cloudiness m the 
previous No\ ember at the Weather Bureau station neaiest the center 
of the cotton belt for the stccte is plotted on a leiersed scale, so that an 
up^^a^d peak indicates an excess of sunshine in No^ ember If, in 
relation to this factor winter cloudiness is regarded as constantly high 



Chart 112 — Tennessee, from 1926 to 1929, inclusive Cur\e A indicates the 
incidence of pellagra m the first half >ear, from January to June, inclusne 
curve JVC, the winter cloudiness (December, January and Februar>), an a\erage 
of all stations, curve Bi, the cloudiness (sunshine) at Memphis the prewous 
November, cur\e C-CA, the current year’s cotton acreage, curie C, the current 
year’s tobacco acreage, and F, the production of cotton tor the preiious jear 
(acreage multiplied by yield per acre), cune F', the production of tobacco for 
the preiious year, curve G the previous December 1 price of cotton, curve G', 
the previous December 1 price of tobacco, cune L-M, the preiious November and 
December, current Januari and February incidence of pellagra, curie N, the 
mean of November cloudiness (5) cotton acreage (C), the previous i ear’s pro- 
duction of cotton (F), the previous December price of cotton (G) and the “momen- 
tum” from the previous year (L) 


1 e, sunshine constantly low, theie Mould be a change in exposuie to 
solar rays from an excess of sunshine in Is oi ember M'hen it occurs, 
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to low sunshine m winter (exaggerated m certain years, as 1927) and 
back again to the relatively high percentage of possible sunshine 
(reduced cloudiness) and relatively unfiltered solar rays (reducing 
air mass traversed) m spring and summer The inclusion of this curve 
ot previous November cloud (5) appears to favor a closer correlation 
of all the factors under consideration with annual variations in the 
incidence of pellagra than is obtained without the factor B 

Since the data presented (charts 28 to 69) indicate a close correla- 
tion between the incidence of pellagra and an increased exposure to 
solar rays, it would seem piobable that the annual acreage of cotton 
planted would in some degree determine the exposure of the population 
planting cotton to solar ra 3 'S near the summer solstice, and in this 



Chart 113 — Tennessee, from 1926 to 1929, mclusive Curve V indicates the 
incidence of pellagra in the second half j'ear, from Julj" to December, inclusive, 
cur\e O the production of cotton for the current year, curve O', the production 
of tobacco for the current year, curve P, the price of cotton for the current year, 
curve P', price of tobacco for the current year, curve S-M, the incidence of 
pellagra in the first half of the current 3 '’ear, curve U, the mean of the current 
jears production of cotton (0), the cuirent j^ear’s price of cotton (P) and the 
‘momentum” from the first half of the current year (S) 

sense would be regaided as a climatic factor as distinguished from an 
economic factor The curve for this factor is plotted m charts 106, 
108 110, 112, 114, 116, 118, 120 and 122 as C, and since the supposed 
1 elation to the incidence of pellagra is direct, the scale is not reversed as 
it IS for curves F and 0, in which cotton acreage is regaided as a factor 
in the economics of the cultivation of cotton 

The possibility that conditions tending to the production of pellagra 
m one )'^ear may ha3e an influence on the incidence of pellagra the 
following year has been referred to under the designation “delayed inci- 
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deuce” oi “momentum ” When it is considered that the seasonal inci- 
dence of pellagia tends to leach a low level in November and to lemam 
low till spring, it would appeal that the incidence of the disease during 
November, December, Januaiy and Febiuary may in some degree consti- 
tute an index of this factor of “momentum.” and in charts 106, 108, 110, 
112, 114, 116, 118, 120 and 122 the curve L represents the leported inci- 
dence of pellagia foi the foui months named 

In chaits 107, 109, 111, 113, 115, 117, 119, 121 and 123 for the 
second half of the year, the incidence of pellagia duiing the first half 
of the current yeai has been plotted (S’) as a similar factoi of 



Chart 114 — Alabama, from 1921 to 1929, inclusive Curve A indicates the 
incidence of pellagra in the first half year, from January to June, inclusive, curve 
WC, the winter cloudiness (December, January and February), an average of all 
stations, curve Bx, the cloudiness (sunshine) at Montgomery the previous Novem- 
ber, curve C-CA, current year’s cotton acreage, curve F, the production of cotton 
for the previous year (acreage multiplied by yield per acre) , curve G, the pre- 
vious December 1 price of cotton, curve L-M, the previous November and Decem- 
ber, current January and February incidence of pellagra, curve N, the mean of 
November cloudiness (B), cotton acreage (C), previous year’s production of 
cotton (F), previous December price of cotton (G) and the “momentum” from 
the previous year (L) 

momentum, a lag or a delayed effect of influences operative during 
the first half of the year 


For 1920, the incidence of pellagra for the months of January and February 
multiplied by 2 is used in lieu of November and December, 1919, and Januarv and 
February, 1920 . . j 
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Of the figuies for the first half of the year, the curve N represents 
the mean of the two “climatic” factors B and C, the two “economic” 
factors F and G and the factoi of “momentum” L 

Of the figures for the second half of the year, the curve U repre- 
sents the mean of the two “economic” factors 0 and P and the factor 
of “momentum " 5" 

Charts 124 and 125 lepresent the first and second half years, respec- 
tively, for the four states foi which data of the incidence of pellagra 
are available from 1920 to 1929, inclusive Curve E (chart 124) is the 
mean of “climatic ’ factors B and C Cuive I is the mean of “economic” 
factors F and G Curve iV is the same curve as that described, the 
mean of the five factors represented by B, C, F, G and L Curve R 
(chart 125) is the mean of “economic” factors 0 and P Curve U is 
the same as that described, the mean of the three factors 0, P and 6" 



Chart 115 — A-labama from 1921 to 1929, inclusive Curve V indicates the inci- 
dence of pellagra in the second half year, from July to December, inclusive, 
cur\ e O, the production of cotton for the current j ear , curve P, the price of 
cotton for the current jear, curve S-M, the incidence of pellagra m the first half 
01 the current i ear , curve L , the mean of the current year’s production of cotton 
(0), the current 3 ears price of cotton (P) and the “momentum” from the first 
half of the current rear {S) 

If ]Mississippi (charts 116 and 117), the state with the highest 
reported incidence of pellagra, is selected for examination, the following 
observations rvith leference to correlations with the curve of the inci- 
dence of pellagra appear to be justified, and, it is believed that they are 
in the mam supported bt the figures for other states In chart 116, 
the cune of previous November cloudiness (-B) is close from 1920 to 
1927 The curve of cotton acreage (C) shows little annual conform- 
it} , but a conformity in a general upward trend The curve of the pro- 
duction of cotton (F) IS quite close in the period from 1925 to 1928 
The curv’^e of the price of cotton (C) is in rough general conformity The 
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cuive of “momentum” (L) is in general confoimity The cuive iV of 
the mean of the five factois mentioned appears to indicate that in the 
two “economic” factois, the two climatic factois and the factor of 
“momentum” the majoi factors bearing on the annual incidence of 
pellagia m a given state aie comprehended Similar obseivations with 
lefeience to chart 117 appear to be warranted, but a closei coiielation 
of the cuiwe of the puce of cotton (P) fiom 1920 to 1925 is noted 
The exceptional peak m the incidence of pellagra (V) in the second 
half of the yeai in Arkansas in 1921 and 1927 (chait 119) is note- 
woithy It would seem possible that in 1927 the delay m the planting 



Chart 116 — Mississippi, from 1920 to 1929, inclusive Curve A indicates the 
incidence of pellagra in the first half year, from January to June, inclusive, curve 
IVC, the winter cloudiness (December, January and February), an average of all 
stations Bx, cloudiness (sunshine) at Vicksburg the previous November, curve 
C~CA, the current year's cotton acreage, curve F, the production of cotton for 
the previous year (acreage multiplied by yield per acre) , curve G, the previous 
December 1 price of cotton, curve L-M, the previous November and December, 
current January and February incidence of pellagra, curve N, the mean of 
November cloudiness (5), cotton acreage (C), the previous year’s production of 
cotton (F), the previous December price of cotton (G) and the “momentum” 
from the previous year (L) 

of cotton, owing to the flood in the Mississippi Valle}'’, might rationally 
require a tiansfer of curve C (chart 118) to chart 119 foi 1927, and 
that this would also apply in some measure to other states included m 
the flood aiea, such as Tennessee, Mississippi and Louisiana As for 
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the peak of the incidence of pellagra in the latter half of 1921 in 
Arkansas, in a personal communication, Dr C W Garrison, State 
Health Officer for Arkansas, stated 

The number of pellagra cases reported for Arkansas for August, 1921, was 
1,395 The reason for this high number at that time was that I sent out a request 
letter and urged all cases to be reported as that was a high pellagra year following 
the depression of 1920 Under noimal conditions a great majority of the pel- 
lagrins do not call a physician until they are bedridden 

In chart 124, the curve N, representing the mean of five factors 
{B, C, F, G and L), appears to correlate somewhat more closely with 
that of the incidence of pellagra (A) than does eithei curve E (of the 
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Chart 117 — Mississippi, from 1920 to 1929, inclusive Curve V indicates the 
incidence of pellagra m the second half year, from July to December, inclusive, 
curve 0, the production of cotton for the current year, curve F, the price of cot- 
ton for the current year , curve S-M, the incidence of pellagra m the first half of 
the current year , curve U, the mean of the current year’s production of cotton 
(0), the current year’s price of cotton (F) and the ‘momentum” from the first 
half of the current year (5“) 


two “climatic” factors B and C) or curve I (of the two “economic” 
factors F and G) In chart 125, there is but little apparent difference 
in the correlation between the curve of the incidence of pellagra (V), 
curve R (the mean of “economic” factors 0 and P) and curve U (the 
mean of 0 and P and the factor of “momentum” S) 

In chart 126, the interest lies chiefly in the fact that it introduces a 
curve of the deaths fiom pellagra (Z) in the United States Registra- 
tion Area from 1913 to 1928 There is a degree of annual conformity 
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between this curve (Z) and the curve of the value of cotton (7) 
sufficient to regard it as tending to confirm the opinion of the Gold- 
berger school relative to the significance of economic conditions m the 
epidemiology of pellagra, at least with respect to annual variations 
There appears to be ohly a rough conformity of the incidence of pel- 
lagra as reported with the mortality from pellagra as reported, it is 
seen more in the general trend than m the annual variation The insert 
showing the relation of rural to urban deaths from pellagra from 1925 
to 1927, inclusive, gives a ratio of approximately 3 1 

Humidity — It is generally recognized that relative humidity and 
the temperature of the atmosphere, together with the movement of the 
air and intake of food, are interrelated m their effect on bodily com- 



Chart 118— Arkansas, from 1920 to 1929, inclusive Curve A indicates the 
incidence of pellagra in the first half year, from January to June, inclusive, curve 
WC, the winter cloudiness (December, January and February), an average of all 
stations, curve the cloudiness (sunshine) at Little Rock the previous Novem- 
ber, curve C-CA, the current year’s cotton acreage, curve F, the production of 
cotton for the previous year (acreage multiplied by yield per acre) , curve G, the 
previous December 1 price of cotton, curve L-M, the previous November and 
December, current January and February incidence of pellagra, curve N, the 
mean of November cloudiness (F), cotton acreage (C), previous year’s production 
of cotton (F), previous December price of cotton (G) and the “momentum” from 
the previous year (L) 

fort, physical and mental efficiency and metabolism (Lusk and 
McConnell, Yagloglou and Fulton "=’) 

The best combination of all is probably air at about 67'’ F and 80 per cent 
relative humidity, with a barely perceptible movement A departure from these 
conditions in any direction diminishes people’s comfort, reduces their capacity to 
work, presumabh increases their susceptibility to disease, and unquestionably 
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raises their death rate The most favorable condition is a variable temperature 
whose average is the optimum Each month in the j^ear the same conditions are 
manifest many deaths when the temperature rises, few when it falls (Hunt- 
ington ^4) 

The influence of heat and humidity may extend through a twenty- 
four houi cycle, while that of solar radiation is limited to daylight only 
Sundstroem (quoted by Lauiens ®") found that the light from mazda 
lamps acts as a stimulant to the growth of mice exposed to it at ordinary 



Chait 119 — Arkansas, from 1920 to 1929, inclusive Curve V indicates the 
incidence of pellagra in the second half year, from July to December, inclusive, 
curve, 0, the production of cotton for the current year, curve P, the price of 
cotton for the current vear, curve S-M;, the incidence of pellagra in the first half 
of the current year , curve U, the mean of the current year’s production of cotton 
(O), the current year’s price of cotton (P) and the “momentum” from the first 
half of the current jear (5) 


. room temperature, but the letardmg influence of stagnant humid air 
IS added to by exposure to this artificial light He found little evidence 
that tropical sunlight as such had any effect on the growth of lats, the 
harmful effect of a tropical climate seeming to be in the deciease in the 
cooling powder of stagnant air 
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Chaits 127 and 128 show that in South Carolina in 1927 and 1928 
the seasonal cuive of relative humidity closely approximated that of 
cloudiness The same charts and chait 129 (Virginia) show a tendency 
to a minimum i dative humidity in the spring and a maximum humidity 
in August Chait 130 shows this excess of humidity in August over 



Chart 120 — Louisiana, from 1920 to 1929, inclusive Curve A indicates the 
incidence of pellagra in the first half year, from January to June, inclusive, curve 
WC, the winter cloudiness (December, January and February), an average of all 
stations, curve B-i, the cloudiness (sunshine) at New Orleans the previous 
November, curve C, the current year’s cotton acreage, curve F, production of 
cotton for the previous year (acreage multiplied by yield per acre) , curve G, the 
previous December 1 price of cotton, curve L, the previous November and 
December, current January and February incidence of pellagra , curve iV, the mean 
of the November cloudiness (5), cotton acreage (C), the previous year’s produc- 
tion of cotton (F), the previous December price of cotton (G) and the “momen- 
tum” from the previous year (L) 



Chart 121 —Louisiana, from 1920 to 1929, inclusive Curve V indicates the 
incidence of pellagra in the second half year, from July to December, inclusive, 
curve 0, the production of cotton for the current year , curve P, the price of cotton 
for the current year, curve S-M, the incidence of pellagra m the first half of the 
current year, curve U, the mean of the current year’s production of cotton (0), 
the current year’s price of cotton (P) and the “momentum” ‘from the first half of 
the current year (S) 


that m April as a phenomenon quite general to the pellagra belt and 
somewhat moie accentuated in the areas with a heavier incidence of 
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pellagra and more planting of cotton (compare with chart 23) Chart 
130 also shows the mean temperature for July m the same area The 
relatively high humidity m August does not appear to depress the aver- 
age metabolism during that month in Virginia (charts 21 and 22), 
though the rising humidity from spring through the summer may have 
such a tendency It is noted also that the incidence of pellagra begins 
to decline before the maximum humidity is reached 

There is no apparent relation of the data shown m chart 130 to the 
geographic distribution and prevalence of pellagra further than that, 
in general, in the pellagra belt the temperature and humidity approxi- 
mate the levels described by various authors as favorable to a minimum 
metabolism and to a low intake of protein 



Chart 122 — Oklahoma, from 1925 to 1929, inclusive Curve A indicates the 
incidence of pellagra m the first half year, from January to June, inclusive, curve 
]VC, the winter cloudiness (December, January and February) at Oklahoma City, 
curve Bv, the cloudiness (sunshine) at Oklahoma City the previous November, 
curve C-CA, the current year’s cotton acreage, curve F, the production of cotton 
for the previous year (acreage multiplied by yield per acre) , curve G, the previous 
December 1 price of cotton, L-M, the previous November and December, current 
January and February incidence of pellagra, curve N, the mean of November 
cloudiness (B), cotton acreage (C), the previous year’s production of cotton (F), 
the previous December price of cotton (G) and the “momentum” from the previous 
year (L) 

AREAS WITH A RELATIVELY HIGH PREVALENCE OF PELLAGRA 

Consideration has been given the seasonal and annual incidence of 
pellagra It is now proposed to examine factors possibly contributing 
to a relatively high prevalence from year to year and from season to 
season in a given area The two states with the highest reported inci- 
dence are Mississippi and South Carolina, m the order named 
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Under the title of “Bulletin W,” the Weather Bureau of the United 
States Department of Agriculture issued a summary of the climato- 
logical data of the United States by sections, from the establishment of 
the stations to 1920, inclusive Section 79, for northern Mississippi, 
compiises that portion of the state northward of the thirty-third par- 



Chart 123 — Oklahoma, from 1925 to 1929, inclusive Curve V indicates the 
incidence of pellagra in the second half year, from July to December, inclusive, 
curve O, the production of cotton for the current year, curve P, the price of 
cotton for the current year, curve S-M, the incidence of pellagra m the first half 
of the current year , curve U, the mean of the current year’s production of cotton 
(0), the current year’s price of cotton (P) and the “momentum” from the first 
half of the current year (5) 



Chart 124 —Composite data for four states, Virginia, Mississippi, Louisiana 
and Arkansas, for the first half of the year, from January to June, inclusive, and 
from 1920 to 1929, inclusive Curve A indicates the incidence of pellagra , curve 
E, the mean of the previous November cloudiness (sunshine) and the current 
year's cotton acreage, curve I, the mean of the production of cotton (Virginia, 
tobacco) for the previous year and the previous December price of cotton (Vir- 
ginia, tobacco) , curve V, the mean of November cloudiness, cotton acreage, the 
previous years production of cotton, the previous December price of cotton and 
the “momentum” from the previous year 
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allel, and section 80, for southern Mississippi, that poition of the state 
southward of that latitude The general description of the noithein 
section IS as follows 

21,500 square miles, with no large urban population, the main industries being 
agriculture, lumbering or allied enterprises The western portion of this division, 
the so-called Delta region, is mainly included between the Tallahatchie and Ya700 
Rivers, on the east, and the Mississippi River on the west, an extremely fertile, 
level body of land, with alluvial soil, about 5,800 square miles in area 
The mean annual temperature of the district is 62 6° , January average tempera- 
ture IS the lowest, 43 9°, and July the warmest, 804° The heat is somewhat 
alleriated at intervals during the season from the middle of May to the end of 
September by the occurrence of thunder showers, with subsequent drop m tem- 



Chart 125 — Composite data for four states, Virginia, Mississippi, Louisiana 
and Arkansas, for the second half of the year, from July to December, inclusive, 
from 1920 to 1929, inclusive Curve V indicates the incidence of pellagra, curve 
R, the mean of production of cotton for the current year (Virginia, tobacco), 
and the price of cotton for the current year (Virginia, tobacco) curve U, the 
mean of the current year’s production of cotton, the current year’s price of cotton 
and the “momentum” from the first half of the year 


perature of short duration, otherwise this heated period is \ery oppressive, the 
air continuing moist Maximum temperatures of 100°, or higher, occur with 
greatest frequency during July and August, but occasionally are recorded during 
other months of this season 

The geneial description of the southern section is as follows 

There are no large cities and the mam occupation is agriculture, or some 
allied industry The summers are long and hot, the winters short and mild 
Temperatures of 100°, or orer, occasionally occur in the interior m midsummer 
and as night temperatures are high at that time of the year, and the humidit}' 
also, with little air movement, the summer climate is somewhat oppressive Air 
circulation, due to land and sea breezes, serves to alleviate the hot and humid 
atmospheric condition throughout the region adjacent to the coast 
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It be manifest that such a climate, whatevei lelations of cause 
and effect are or are not involved, is not unfavorable to the production 
of cotton and to the development of pellagra 

Examination of chaits 25, 85, 91 and 103 shows the coastal aieas 
of Virginia, North Caiolina, South Caiohna and Mississippi to be 
lelatively free fiom pellagra With vaiiations in altitude, the climatic 
factors vaiy consideiably as legards light, humidity (chart 130), tem- 
perature and the movement of air The agiicultural pursuits are dif- 
feient (charts 82, 86, 87, 92 and 104) The population hardly appears 






Chart 126 — Deaths from pellagra, incidence of pellagra, certain economic 
■values and certain climatic values, Curve Z, indicates the deaths from pellagra 
111 the United States Registration Area, from 1913 to 1928, inclusive, curve AV, 
the incidence of pellagra in four states, Virginia, Mississippi, Louisiana and 
Arkansas, from 1920 to 1929, inclusive, curve B\, average of the previous Novem- 
ber cloudiness (sunshine) at Vicksburg and Little Rock, curve C-CA, the cur- 
rent year’s cotton acreage m the United States , curve Y, the previous December 1 
farm value of cotton for the United States, curve L~M, the previous November 
and December, current January and February incidence of pellagra in four states, 
Virginia, Mississippi, Louisiana and Arkansas 


to be a consistent variable The various combinations m this multi- 
plicity of factors are numerically great and give use to many unan- 
swered questions Do climatic conditions directly influence the incidence 
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of pellagra or may they tend primarily to influence the content of the 
"pellagra-preventive” factor in the vegetable and animal food of the 
district^ Do certain climatic conditions tend to favor the production 
of cotton, tobacco and other crops planted m a “high sun” and thus 
cause excessive exposure, or do they crowd out other crops that would 
tend toward the prevention of pellagra^ ■*= Many of the same complex 
interpretations are involved in the question as to why pellagra is not 
more generally prevalent in the areas referred to by Huntington “In 



line, the mean cloudiness , the light H line, the humidity , the heavy H line, the 
mean humidity , the broken line, the incidence of pellagra for the state 

the warmest regions of the world, which are also characterized in gen- 
eral by excess wetness, live the rice-eating peoples ” 

From what has been said with reference to the seasonal peak of 
the incidence of pellagra (June), the seasonal peak of the temperature 
(July or August) and the seasonal peak of humidity (August), it 

* In certain sections of Florida, the culture of tobacco is carried on under cover 
(National Geographic Magazine, reference 75), implying a tropical solar radiation 
and heat somewhat unfavorable to the culture of tobacco Possibly such condi- 
tions would also favor a high incidence of pellagra, but for the relatively high 
percentage of solar radiation throughout the winter (charts 9 and 23) 
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would appear that neither temperature nor humidity has a determining 
influence on the peak of pellagra On the other hand, its general coin- 
cidence with the peak of solar radiation has been shown With reference 
to this factor, it is to be noted that latitude 33°, the center of the pellagra 
belt m the United States, bisects the state of Mississippi The supposedly 
protecting sun of winter swings lower for areas farther north, and the 
rays of the sun m summer are more direct on areas farther south, but 
this latitude represents the minimum of the first and the maximum of 
the second that is possible of combination (chart 10) 



Chart 128 — South Carolina, 1928 Curve 11 indicates Charleston, 12 , Colum- 
bia , 14 , Greenville , the light continuous line, the cloudiness , the heavy con- 
tinuous line, the mean cloudiness, the light H line, the humidity, the dark H line, 
the mean humidity , the broken line, the incidence of pellagra for the state 

Since the first census figures (1859), the centers of the production 
of cotton in the United States have remained within the borders of 
Mississippi (chart 131) This might not mean that the maximum pro- 
duction of cotton per square mile lies within the state, as centers to 
the east and to the west could give the same result, but actually as well 
as relatn ely it is the center, as is shown m table 22 

If in the etiology of pellagra it is tentatively assumed that there is 
a genetic factor, it is to be noted that the foreign-boin white population 
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IS lowest in North Carolina (0 3 per cent) and is practically as low in 
Mississippi and South Carolina (0 4 per cent) The Negro popula- 
tion may be considered to be pi acticall}'’ all native born in the sense of 
southern born 

The liability of the Negro to pellagra is attested by various reports 
Table 23 gwes a report from the Board of Health for Mississippi 

The percentage of Negro population is highest m Mississippi (52 2 
per cent) and next in South Caiohna (51 4 per cent) (United States 
Census, Mississippi and South Carolina ’^®*) 

As fai as these figures go, the incidence of pellagia is highei but 
the mortality is conspicuously lower in the colored lace than in the 
white race According to Sullivan’s classification, therefoie, in the 



Chart 129 — Virginia X indicates the average sunshine at all stations, H, the 
a^erage relative humidity, CH, Cape Henry, N, Norfolk, R, Richmond, L, 
L 3 mchburg, W, W 3 theville 


Negro the disease would appear to tend toward the “dermal” rather 
than the “systemic” type 

As a probably valid index of economic disadvantage, it may be noted 
that the percentage of illiterate population 10 years of age and over 
was 21 9 for Louisiana, 18 1 for South Carolina and 17 2 for IMissis- 
sippi, ivhich compaies with geographic dnasions as follows South 
Atlantic, 115, East South Central, 12 7 and West South Central, 10 

The studies of Vance and of others show that the prevalence of 
tenant farming in the cotton belt is an index of low economic status 
In Mississippi, tenant fanners number 66 1 per cent of farms, in 
Georgia 66 6 per cent and in South Carolina 64 5 per cent , as compared 
with geographic divisions South Atlantic, 46 8 per cent , East South 
Central, 49 7 per cent, and West South Central, 52 9 per cent 
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As still anotliei index appl 3 nng more directl}^ to food standaids 

The computed average for 1928 (of home-grown food used bj the farm 
family) was highest for Arizona (§399) and lowest for California (§145) The 
average was §389 for West Virginia, §306 for Iowa, §278 for ]\Iaine, §244 for 
Arkansas, $223 for Utah, and §205 for Mississippi (1930) 

Chait 132 shows the density of population by counties in Mississippi, 
total and rural, which coi responds rathei closely with the distiibution 


Tabli, 22 — Pi odncfioii of Cotton m States Ai ound Mississippi 




Square Miles 

Bales per 


Cotton, 192G, 

per State, 

Square Mile, 


Running Bales 

in Thousands 

m Thousands 

Alabama 

1,470 

51 

29 

Arkansas 

1,513 

53 

28 

Georgia 

1,49S 

59 

25 

Louisiana 

82C 

48 

17 

Mississippi 

1,857 

46 

40 

Missouri 

215 



Oklahoma 

1,760 

70 

23 

South Carolina 

1,025 

SO 

34* 

Tennessee 

442 

42 

11 

Texas 

5,477 

265 

21 

Virginia 

51 



Xorth Carolina 

246 

52 

24 


* ^^lth reference to these and other figures for Mississippi, it is of interest to note the 
corresponding figures for South Carolina, the second state in reported incidence in recent jears 


Table 23 — Liability of Ncgio to PcIIagia 



Pellagra, Incidence 





1920 

1927 

1928 


White 

2,363 

3,491 

3,607 

9,521 

Black 

5,030 

8,356 

10,207 

23,593 


7,393 

11,847 

13,874 

33,114 


Pellagra, Deaths 

1927 

1928 


Vhite 


131 

558 

089 

Black 


99 

648 

747 



230 

1,206 

1,436 


of pellagra Chart 133 shows the peicentage of Negioes in the total 
population, by counties, foi this state 

Chart 134 shows the density of population, total and rural, by 
counties, m South Carolina (compare with chart 91, which shows the 
distribution of pellagia) Chart 135 shows the percentage of Negroes 
in the total population, by counties, for South Carolina 

In Mississippi,*^ It would appear that at least three factors probably 
contribute to the relatively high prevalence of pellagra, namely, its lati- 

There is reason to believe that the thoroughness of reporting in Mississippi 
IS superior to that in other states and that this fact must be taken into account 
III anj comparison of incidence, prevalence or distribution of pellagra 
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tudmal situation, the exposure incident to the planting of the high cotton 
acreage per square mile and the economic status of a portion of its 
population as indicated by illiteracy, tenant farming and direct statis- 
tical investigation 



Chart 130 — ^The light circles indicate the location of Weather Bureau Stations 
The numerals, grouped in threes, represent the numeral on the left, mean tem- 
perature for July , the numerals on the right, mean relative humidity, above, for 
April, below, for August 

THE INCIDENCE OE PELLAGRA IN WORKERS IN COTTON-MILLS 

Generally speaking, pellagra is a disease of rural areas both m this 
country and in Europe If there is an apparent inconsistency in attrib- 
uting an etiologic influence to solar rays in two groups so differently 
situated as planters of cotton and tobacco on the one hand and workers 
in cotton-mills on the other hand, the explanation is consideied to he 
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m the feature of lelative seasonal exposure, according to which the 
worker in the cotton-mill would seem to be exposed to the solar lays of 
summer of as great intensity and duration as the planter of cotton or 
tobacco in proportion to the respective amounts of solar radiation 
received by each group m winter 

In general, it may be said that the pellagra zone begins where the 
zone of the siesta custom ends 
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Chart 131 — Map showing the centers of population and of production, includ- 
ing that of cotton, from 1859 to 1919 (From the Fourteenth Census of the 
United States ) 


If exposure to the inevitable lightly filtered solar rays of the summer 
season, even for irregular and biief intervals of the day and week, is 
deemed sufficient for the production of pellagra in 'the poorer classes 
subject to a deficiency of food, provided the deficit of sunshine in winter 
IS relatively marked, these conditions appear to be met m workers in 
cotton-mills, who, as compaied with the rural laborer, receive relatively 
little of the available sunshine m winter 
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The habits of the population in cotton-mill villages aie desciibed in 
the following note of the Hygienic Laboratoiy 

It ^^as the custom m each community studied for nearly all able-bodied per- 
sons over 14, except farmers and housewives, to work for wages In some villages 
man}’' housewives worked in the mill, but, except in the cases of young married 
women without children, this was usually accomplished by hiring a Negro servant 
to care for the house and do the cooking (p 47) 


TOTAL POPULATION RUllAL I OPLLATION 
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Chart 132 — Density of the population of Mississippi, by counties, in 1920 
(From the Fourteenth Census of the United States ) 

Rh) ne desci ibed the daily, weekly and annual routine of the cotton- 
mill worker and his economic and social status Vance gave these 
data as they appi} to the “cropper” and tenant farmer and thus described 
the hereditary background, and of many the personal past, of the 
present-day worker in the cotton-mill 

SUMMARY 

It IS believed that climatic factors are important in the causation of 
pellagra, and that the nutritional state of the individual conditions the 
reaction to the solar ray s 
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Sulphui in the form of cystine appears to exert a protective action 
against exposure to solar radiation in low foims of life Its high con- 
centration in epideimal tissues of higher forms of animal life suggests 
a possible protective action in these animals also 
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Chart 133 — Percentage of Negroes in the total population, by counties, in 
Mississippi, in 1920 (From the Fourteenth Census of the United States ) 


There is evidence to suggest that an abnormal physiologic state of 
the lens of the eye with reference to the normal reversible 
cystine cysteine reaction, together with exposure to ultraviolet wave- 
lengths of light IS important in the pathology of cataract As an 
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illustration of the ideas developed, in this sense cataract may be thought 
of as pellagra of the lens 

An initial disturbance of metabolism appears to result from a varia- 
tion in the amount of radiant energy acting on the organism, whether 
the transition is from darkness to light or vice versa 




Chart 134 Densitj'^ of the population of South Carolina, bv counties, in 1920 
Abo-ve, total population, below, rural population (From the Fourteenth Census 
of the United States ) 

In normal subjects, after ultraviolet irradiation, nitrogen equilibrium 
tends to be reestablished on a higher level than before, with retention 
of nitrogen The disturbed metabolism of rats on a vitamm-free diet 
IS unable to stand the additional strain put upon it by radiation” 
(Eckstein) 
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Goldberger and Tanner thought that a deficiency of amino-acids 
was probably the primary etiologic factor in pellagra The deficiency 
described by them was designated as a deficiency of the pellagra- 
preventive factor It now appears that water-soluble vitamin B con- 
sists of at least two distinct factors, antineuritic and pellagra-preventive 
These in combination, or possibly a third factor, represent the factor 
“bios,” which IS essential for the growth of animals 



Chart 135 — Percentage of Negroes in the total population, by counties, in 
South Carolina, in 1920 (From the Fourteenth Census of the United States ) 


A possible rela^'ion of a deficienc)’- in supply or utilization of the 
^ sulphur-containing ammo-acid cystine to the etiology of pellagra is 
more probable if it is assumed that solar radiation is also a factor in 
the etiology of pellagra Cystine is protective against ultiaviolet ladia- 
tion It promotes the growth of the yeast containing vitamin B Its 
role IS related to oxidative processes and to the detoxification of cyano- 
gen compounds both of which functions are disturbed in pellagra It 
IS necessary to the growth and maintenance of animals and is important 
in the nuclear actii ity of cell division It is the chief source of supply 
for the sulphur demands of the organism After starvation the feeding 
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of an adequate diet results in the letention of sulphui Glutathione 
(cystine in combination with glutamic acid) was oiigmally isolated b}' 
Hopkins from yeast and from muscle and hvei The occurrence of 
cystine has been remarked in the foods that Goldbergei and his asso- 
ciates advocate as preventive of pellagra, and they contain cystine (or 
sulphui) m propoitions comparable to the value assigned by Goldbeiger 
in the pievention of pellagra The evidence is suggestive that a lack of 
C} stine may have a specific relation to the etiology of pellagra 

The protective value of pigment against the superficial effects of 
solar lays is a matter of common knowledge Pigmentation is essen- 
tially the deposit of melanin, high in sulphui content Pigmentation 
protects against sunbuin, but not against pellagra The cutaneous 
lesions of pellagra, while not limited to exposed aieas, occui chiefly on 
exposed parts, and when exceptions occur the site of the exceptional 
lesion is usually on parts that phylogenetically may be considered 
exposed and related in function to a dissipation of heat by evaporation 
(the scrotum of man and the scrotum and tongue of dogs — black 
tongue) 

The dermatitis of pellagra might conceivably be a local manifesta- 
tion in the production of which exposuie to solai rays was an important 
factor, and yet solar radiation might not have a relation to the deepei 
and more essential changes in the diseased tissues That such is prob- 
ably not the case is suggested by the fact that pigmentation does not 
protect against pellagra as it does against sunbuin, by the greater nioi- 
tality in the race (white) that is more susceptible to the erythemal 
effect of the sun’s rays and should therefore more readily show mild 
forms of the disease, by the skepticism of experienced clinicians con- 
cerning pellagra sine pellagra and by the raiity of sore tongue, diarrhea 
and symptoms referable to central nerve changes in the absence of 
dermatitis Laurens expressed the belief that “the only reasonable con- 
clusion IS that, following ultraviolet iriadiation, some photochemical 
substance formed in the skin is cained by the blood stream to 
\arious organs, there bringing about the obseived changes ” In connec- 
tion with commercial photography, Sheppard found that the photosen- 
sitivity substance of gels from animal hides lay in the doubly bonded 
sulphur as represented by allyl-isothiocyanate (mustaid oil) , in othei 
words in sulphur as it occui s in cystine 

The sick organism is a much moie delicate mechanism than the well, 
diseased tissue being more susceptible to radiation than normal 
(Laurens) “We may assume that normal tissue acts like a slow (pho- 
tographic) plate and diseased tissue like a fast one” (Clark) These aie 
doubtless important considerations m connection with the known fact 
that the sites of piedilection foi^the cutaneous lesions of pellagia aie 
exposed surfaces 
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The theoiy of a deficiency of food as the cause of pellagra and a 
1 elation between this deficiency and the economic status seem to be well 
established principles m the etiology of pellagra A specific deficiency 
may be involved, such as of ammo-acids, and possibly cystine, but this 
does not rule out the role played by the level of basal metabolism, which 
111 tuin may be influenced by a lowered intake of piotem and a corre- 
sponding reduction in the “specific dynamic action” of the ingested 
food Further, the intensity of the solar radiation may play a part in 
the etiolog}'- of pellagia through a lowered intake of piotem, a direct 
effect on the geneial level of metabolism or a specific metabolic influence, 
such as an altered metabolism of cholesterol, nitrogen or sulphur, and 
the effect of a given intensity of solar radiation may depend on other 
factors, such as the nutritive state of the subject and vaiiation from 
the intensity of recent previous exposure to solar rays 

When viewed with special reference to sulphur metabolism, the 
chemical analysis of pellagra may begin with the suggestion of Sullivan 
and his co-workers, in 1919 and 1920, that sulphur metabolism m pellagia 
IS abnormal The restoration of a normal exogenous sulphui (and nitro- 
gen) metabolism m the patient who has recently had pellagra is not 
immediately accompanied by restoration of a normal endogenous sul- 
phur (and nitrogen) metabolism The excretion of thiocyanate in the 
urine and saliva is decreased, as is the excretion of creatinine m the urine, 
but Voegtlm found neutial (unoxidized) sulphur increased in the 
urine In the central nervous system a loss of neutral sulphur in the 
cerebium and spinal cord is desciibed by Koch and Voegtlm, togethei 
with an increase of this constituent m the cerebellum The various 
observations quoted indicate at least an abnormality of sulphur metabo- 
lism in pellagra While the general depression of oxidative processes 
in pellagia may not be related to sulphur metabolism (glutathione), 
Bodansky and Levy found that an adequate supply of cystine was nec- 
essary to maintain an unimpaired cyanide-detoxifying power in the 
pellagrin 

Hypochlorhydna is usual m pellagra, and achlorhydria with an 
absence of pepsin is common Pepsin apparently is necessary for the diges- 
tive alteration of the protein molecule so as to produce a mtroprusside 
reaction Abdeihalden suggested that pepsin and trypsin affect the 
molecule of albumin at different paits and that pepsin probably splits 
the S-S compound by forming groups of SH, SH 

In Goldbeiger and Wheeler’s experimental pellagra m white male 
convicts, the relative influence of diet and solai light was apparently 
not taken into account The lesions of the skin appeared primarilj'’ and 
chiefl} on the scrotum, and Goldberger and Wheeler suggested that the 
site of at least the initial dermatitis is bound up with a specific quality 
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of diet If both dietary deficiency and exposure to solar ra}S are usual 
factors in the etiolog}’^ of spontaneously developing pellagra, Goldberger 
and Wheeler’s data suggest that the results obtained by them repiesented 
an instance of exaggerated dietary influence as compared with the influ- 
ence of solar light, and it would be suggested as a possibility that this 
inbalance m causation determined the site of the major lesions of the 
skin on the heavily pigmented, unexposed genitals, highly endowed as 
to function for the loss of heat through evaporation 

Goldberger and Wheeler hold that black tongue m the dog is the 
analog of pellagra m the human subject Observations similar to those 
just made with reference to their experimentally produced pellagra seem 
appiopriate m connection with their experimental black tongue, empha- 
sized somewhat by the fact that the scrotal lesions experimentally 
produced in dogs have never been recorded in the spontaneously devel- 
oping disease The heat-dissipatmg function of the dog’s tongue, the 
usual site of conspicuous lesions m black tongue, is well known and 
seems to lepresent an analog m the functional sense to the skin of the 
human subject 

A series of three comparisons is made as follows (1) spontaneous 
pellagra and Goldberger ’s convicts, (2) spontaneous black tongue and 
Goldbeiger’s dogs and (3) Emight’s Germans and Bigland’s Ottomans, 
prisoners of war m Egypt In each of the three comparisons it would 
seem that when dietar}'^ deficiency is obvious and outstanding (the sec- 
ond instance in each group) in comparison with exposure to light, the 
effect partakes of a general or systemic reaction or type (defined by 
Sullivan as “sjstemic” as opposed to a “deimal” type in which the 
cutaneous lesions aie relatively conspicuous), dermal eftects readily 
attributable to direct exposure to light are at a minimum, scrotal lesions 
ai e relative!) high, and mortality, when it can be compared, is great 

Koch and Voegtlm carried out experiments on rats and monkeys, 
observing the chemical and histologic changes in the central nervous 
system as a result of a restricted vegetable diet They noted that, in 
general, the changes obser-ved, including their studies of the sulphur 
fractions, corresponded somewhat closely to those observed in pellagra 
While the authors did not ascribe a significance to the influence of sun- 
light, their tables clearl) show the extent of exposure of the monkeys 
to sunlight and appear to warrant the notation of an inverse coi relation 
between the hours of exposure and the duration of life and a critical 
influence of short exposures following dietary restriction and previous 
exposuie to sunlight 

Analysis of the age and sex incidence of pellagra reveals a striking 
direct correlation with the age period and sex of child-bearing On 
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the other hand, at either extreme of life the incidence tends to be some- 
what higher in the male, possibly being associated with his more exposed 
outdoor life 

A curious parallel is noted between the age and sex incidence of 
pellagra and the tendency to excrete creatine in the urine Chaiacter- 
istic of children of both sexes, the male ceases to show the tendency 
early, while the female, during pregnancy and m an intermittent fashion 
probably related to the menstrual cycle, continues to excrete creatine 
In the adult male, creatmuria is rather a phenomenon of starvation or 
disease, especially of muscular dystrophies In general, creatmuria 
appears to be indicative of a departure from the relative fixed and stable 
metabolism of the normal adult male Hunter stated that 'hhe 
avidity of the muscle for creatine and its efficiency as a 

machine develop together, and as they develop, creatine disappears from 
the urine ’ Harding and Young suggested that creatine is a derivative 
of cystine In this sense, creatmuria would be regarded as a departure 
from the normal metabolism of cystine in the adult male At least it is 
known that during pregnancy there are large positive gams m the 
stoiage of sulphur Koch and Voegtlm reported that from infancy to 
maturity a shift takes place m the sulphur fractions in the central 
nervous system, with a decrease m neutral sulphur in favor of protein 
sulphur The age and sex incidence of pellagra affords interesting par- 
allels with certain features of metabolism, but the significance of those 
referred to is far from clear 

The geographic distribution of pellagra is limited rather closely to 
the isothermal line of 80 F average July (m the northern hemisphere) 
temperature, and the areas along this line where pellagra is endemic, 
generally speaking, are also m an isothermal belt of from 40 to 50 F 
average January (in the northern hemisphere) temperature However, 
any influence that this characteristic climatic feature has may not be 
essentially thermal, but may be mediated through such secondary fea- 
tures as the ultraviolet wavelength content of the solar rays or the 
determining influence of the climate on agriculture 

Certain features of the physics of light have been leviewed with 
special reference to ultrawolet wavelengths Actual measurements of 
seasonal variations m intensity, as reported (chart 13), conform quite 
closely to a curve representing the seasonal variation m the air mass 
traversed by the solar rays at the corresponding latitude (m the north 
temperate zone) (chart 10) With the air mass held constant, pyrhelio- 
metric measurements at Naples and Florence, Italy, show that at Naples 
(a nonpellagrous area) the heat intensity of the solar rays is highest 
in winter, thus tending to offset the increased filter thickness of the air 
mass in winter and, therefore, to equalize the exposure to the solar rays 
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throughout the annual cycle At Florence (located toward the pellagra 
area), with the air mass held constant, the seasonal vaiiations m the 
intensit} of heat tend to conform to the variations dependent on the air 
mass (greatest m summer), thus tending to an exaggeration m the 
degree of variation in the intensity of the solar ia 3 fs in summer as com- 
pared with that m winter An eiythemal effect of ultraviolet rays is 
well established Tisdall and Brown have furnished experimental evi- 
dence of maximal diurnal and seasonal variations m the antirachitic 
effect of ultraviolet solar rays 

The data at hand suggest that theie are seasonal variations m the 
average basal metabolism of the population of a given aiea, but that 
these seasonal v^ariations are not the same for different latitudinal belts 
in the same hemisphere 

In the far north, metabolism seems to be lowest m winter 

In the tiopics, there is no evidence of any maiked seasonal varia- 
tion, and thei e is no marked seasonal variation in this part of the earth’s 
relation to the sun 

In the latitude of the southern United States, metabolism seems to 
be lowest in summei, and the curve of average metabolism seems to be 
roughly m diiect i elation to the cuive of the air filter, with certain 
departures, as in August, to correspond with variations in water vapor 
(chart 22) 

In the latitude of Boston and Chicago, the data aie conflicting, but 
taken as a whole they might be considered consistent as a latitudinal 
gioup if there is actually a reversal in the season peaks, respectively, in 
latitudes farther noith and farther south, as the present data seem to 
suggest 

A constantly lower level of metabolism is probably characteiistic of 
vvaim climates as compared with cold climates Almeida suggested that 
in sufficient time all the factors vvdiich modify the total metabolism will 
finally alter the value of the basal metabolism This idea leads to the 
consideiation of a hereditary level of metabolism oi a genetic factor 
affecting the habitual rate and its possible bearing on the dev’-elopment of 
pellagra 

Accoiding to Laurens’ suggestion that the metabolic effects of ultia- 
violet 11 radiation are of gieatest significance when taken into considera- 
tion with the accustomed exposure to these lays, the stationaiy 
population of any area is subject to deviation in at least three ways in the 
amount of radiation receiv^ed fiom the sun (1) v^aiiation in the alti- 
tude of the sun and the thickness of the an filter (annual regularity and 
seasonal variation), (2) v^anation in cloudiness (annual iiregulaiity 
and seasonal irregulantj ) and (3) v'^ariation m exposure to the av^ailable 
sun m winter and to the inevitable sun m summer (annual irregularity 
and seasonal ii regularity) 
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Examination of the distribution of pellagra in the United States with 
refeience to the idea of a determining influence of the relation between 
maximum and minimum exposuie to solar rays during the annual cycle 
(undei ceitam abnormal conditions of nutiition) appears to indicate 
that, so far as the sun’s angle is conceined, solai lays have a pellagia- 
pioducing effect in aieas leceivmg them at an angle of 75° 30' or above, 
but in view of the relatively low pievalence of the disease in the tiopics, 
a moie efficient peliagia-preventive effect would be attiibuted to solai 
lays leaching the eaith’s surface at no time of the year below an angle 
of 38° 30' 

With fuither leference to a protective influence of winter sunshine 
within the pellagra belt in the United States, in areas where there is 
no deficit of winter sunshine below 70 per cent of the possible sunshine 
(longitude, fiom 101° to 105° W), pellagra is not prevalent, where 
theie IS a slight deficit below 70 per cent but not as much as 10 per 
cent (Florida and California), theie were less than 100 cases of pellagia 
per state repoited in any year from 1926 to 1928, inclusive, and in areas 
m which there was a deficit of winter sunshine of from 10 to 27 per cent 
below the standard of 70 per cent (fioni the Atlantic coast to longitude 
101 ° W ) , there were 500 or more cases of pellagra per state for each 
of the three years (chart 23) 

Examination of the seasonal incidence of pellagra in nine southern 
states levealed a maiked tendency for the curve of the incidence of 
pellagia to rise and fall with the decreasing and increasing air filter 
(chait 51) , if the cuive of ultiaviolet intensity at Davos, Switzeiland 
(chart 13), is considered as applicable to these states, the tendency is 
for the seasonal incidence of pellagra to rise and fall with increasing 
and decreasing intensity of ultraviolet radiation, oi, if the cuive tenta- 
tively presented as that of the average basal metabolism m Viigima 
(chait 22) IS consideied as applicable geneially to the southern United 
States, the tendency is for the seasonal incidence of pellagra to use and 
fall ill the diiection opposite to the use and fall of the average basal 
metabolism The larger the numbei of cases of pellagra in a given state 
foi a given year, the closer these parallels tend to be Therefore, the peak 
of the incidence of pellagra is usually near the summer solstice The 
month of the peak may follow the summer solstice oi it may piecede 
it, but as far as the obseivations go, it does not piecede the peak of 
sunshine or the absence of cloudiness so far as this peak occurs prioi 
to the summer solstice 

A secondary use or peak following the summer solstice is not seen 
save when there is a corresponding absence of cloudiness or a relative 
rise in the peicentage of sunshine In general, the curve foi pellagia 
deviates from that foi the an filter to coi respond with that for excess 
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sunshine (chart 49) Doubtless in August as many persons have a 
tissue metabolism favorable to the development of pellagra as in either 
July or September, but lack whatever influence there may be m a lel- 
atively greater sohr ladiation 

The clinical progiess of the disease is generally similar to the curve 
of incidence — spring onset, summer exacerbation and improvement in 
the fall and winter The decline of the season of prevalence sets m only 
after the advent of a decline of the sun toward the south 

The distribution of pellagra m the southern part of the United 
States appears to be closely correlated with the distribution of the plant- 
ing of cotton and tobacco, more generally cotton (charts 103 and 104) 
At least three possible explanations may be considered These crops 
are planted at or near the summer solstice The states m which these 
pursuits aie followed are numbered among the states with the lowest 
average income per farm The planting of any crop on a large scale 
tends to reduce the production of other crops and m this instance tends 
to crowd out the raising of foodstuffs 

With reference to variations in the annual incidence of pellagra in 
a given state or county, there are data to suggest that high wmtei 
cloudiness (low percentage of the possible sunshine) and high November 
sunshine (low percentage of cloudiness) tend to an increased incidence 
of pellagra during the following year Both of these conditions involve 
deviation from a standard annual exposure to solar rays There are 
also data to suggest that an increased cotton or tobacco acreage tends 
to an increase in the incidence of pellagra, though this factor (regarded 
here as climatic, involving exposure to the solar rays of summer) 
appears at times, indeed usually, to have an inherent offset in itself 
by reason of its contribution to the value of the crop (regarded as an 
economic index tending to influence nutrition) 

Still another factor that appears to influence the incidence of pellagra 
in a gi-ven year is the incidence in the same area during the previous 
six or twelve months Whatever may be the conditions favorable to a 
high incidence of pellagra, it would seem to be a reasonable assumption 
that conditions operating broadly to produce a high incidence m any 
given year Avould tend to affect an indefinite number of peisons who, 
whether the disease did or did not develop in them during the current 
year, vould be somewhat more liable to the disease the following year 
than would have been the case had the conditions of the current year 
been less favorable to a high incidence Statistically, there is valid 
objection to considering along with supposed etiologic factois one 
cxpiession of the incidence of pellagra when the effect under considera- 
tion is another expression of this incidence This objection is regarded 
as somewhat less valid m -view of the tendency for the incidence of 
pellagra to approach zero in the winter 
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As indexes of the economic status of the population planting cot- 
ton (and tobacco), the pioduction of cotton (acreage multiplied by 
yield per acre) and the price of cotton realized by the farmer have been 
used in comparison with annual variations m the incidence of pellagra 
At times, the correlation appears to be quite close, and m general it is 
suggestive of a relationship of depressed economic conditions to the 
incidence of pellagra 

A division of the year into first and second halves appears to favor 
correlation of the several factors mentioned with the incidence of pel- 
lagra in corresponding periods of time When all the data aie 
considered, the correlation between the incidence of pellagra and the 
several factors combined (climatic, economic and “momentum”) appears 
to be closer than the correlation between any one or any more limited 
combination of these factors (charts 116 and 117) 

Unusual conditions, such as the flood in the Mississippi Valley area 
in 1927, appear to influence the correlation of the incidence of pellagra 
with factors considered as climatic — ^winter cloudiness and cotton planting 
— ^the latter, through delay in planting, tending to an increased incidence 
in the latter half of the year It seems probable also that such a dis- 
aster would influence the incidence through economic stress and nutri- 
tional lack, as was anticipated and positively regarded by the United 
States Public Health Service 

There is not an apparent relation of temperature and humidity to 
the geographic distribution and prevalence of pellagra further than 
that in general, in the pellagra belt, temperature and humidity approxi- 
mate the levels described by various authors as favorable to a minimum 
metabolism and to a low intake of protein 

Coastal areas appear to be relatively free from pellagra (chart 103) 
This may be due to certain known climatic features, to certain known 
differences in agricultural pursuits as compared with more inland areas 
or to other and unknown factors 

The highest repoited incidence of pellagra m the United States is 
in Mississippi In addition to superior thoroughness in reporting, at 
least three factors would appear to be contributory to a relatively high 
incidence in this state, namely, its latitudinal situation that results in 
the maximum of summer directness and the maximum of winter 
obliquity of solar rays that is possible of combination, its high cotton 
acreage per square mile (in excess of all other states) and the economic 
status of a portion of its population, as indicated by illiteracy, tenant 
fanning and the computed average of food used by the families on 
the farms 

In a study of the incidence of pellagra in cotton-mill villages 
in South Caioliiia, the Hygienic Laboratoiy found evidence of 
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economic fluctuations appaiently conditioning the nutiitive state of 
the population In addition, if exposure to the ineAutable lightl} filteied 
solar ra}s of the peiiod of the summer solstice, even foi iiiegular and 
brief Intel vals of the day and week, is deemed sufficient foi the pio- 
duction of pellagia in the classes of population subject to a deficiency 
of food, piovided the deficit of winter sunshine is lelatively maiked, 
these conditions appeal to be met in woikeis in cotton-mills who, as 
compared with the ruial laborer, receive i datively little of the available 
u mtei sunshine 

Theie may be significance in the fact that the pellagia zone begins 
where the zone of the siesta custom ends 

In general, this study is intended as a basis for furthei experimental 
work and as a basis for contempoiary obseivation as suggested by 
analysis of past events However, under controlled experimentation 
and observation with a limited number of subjects, there ivould remain 
the possibility that the sampling or selection of subjects failed to take 
into account some undetermined factor of individual metabolism piesent 
in some but not in others of the geneial population and conditioning 
the end-result Such an explanation may account for the fact that a 
condition that was considered to be pellagra developed in onl)’- six of 
Goldberger and Wheeler’s subjects used for experimentation 

CONCLUSIONS 

That there are biologic effects due to ladiant energy is not open to 
question, and that some of these are related to pellagra seems probable 

An adequate supply and a normal metabolism of sulphur appear to 
exert a protectwe influence against the pathologic effects of solar 
irradiation The evidence suggests that an inadequate supply of sulphui 
as cystine is an important cause of pellagia, and that the abnormal 
metabolism of sulphur is an important feature of pellagra 

The distribution of pellagia and the variations in its prevalence and 
incidence suggest that solar ii radiation, under ceitain abnormal con- 
ditions of nutrition, is an important factor in the etiology of pellagra, 
and that the reaction to solar rays not only is conditioned by the nutri- 
tive state, but depends on a state of the tissues detei mined by contiasts 
111 degiee and intensity of exposure during the annual c}'’cle 
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Fundamental facts concerning the anatomy and the physiology of 
the sympathetic nervous system lay doimant for many decades At the 
end of the nineteenth century, several attempts were made to influence 
the course of epilepsy, exophthalmic goiter and glaucoma by interrupt- 
ing or excising parts of the cervical sympathetic chain These efforts 
had been almost forgotten, owing to the poor results achieved, when, 
in 1916, Jonnesco attracted the attention of the medical world by per- 
forming cervical sympathectomy for angina pectoiis The interest in 
the removal of the sympathetic influence was greatly quickened by 
Leriche’s work on periarterial sympathectomy, which he first employed 
in 1917 in the treatment for causalgia and in subsequent years for other 
conditions attributed to vasomotor disturbances The eradication of 
visceral pain by interrupting sympathetic impulses, either temporarily 
as a diagnostic measure or permanently at operation, further attracted 
attention in recent years to this system This interest, however, has 
been greatly stimulated since the woik of Hunter and Royle m 1924 
This episode illustiates excellently the value of painstaking clinical 
observation After a great deal of clinical and experimental work, 
there is still much doubt concerning tne major point of their investi- 
gation, namely, the influence of sympathetic impulses on muscular 
spasticity But two of their incidental observations have opened up 
important lines of attack m fields quite unrelated to that of their pi unary 
objective Hunter and Royle noted that the obstinate constipation 
shown by several of their spastic paralytic patients was overcome after 
lumbar sym pathetic ramisection, and also that the foot on the side on 
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which operation was perfoimed became much warmei Operations to 
intenupt the lumbai sympathetic nerves were then undertaken as 
empiric procedures by various suigeons in thiombo-angntis obliterans, 
Raynaud’s disease and Hirschsprung’s disease Di Elliott C Cutler 
and one of us (Dr Scott) performed lumbar sympathetic ganglionectomy 
in two cases of thiombo-angiitis obliterans a few weeks after the visit of 
Hunter and Royle to this country in 1924 These patients were selected 
as their S}mptoms seemed to afford a good basis on which to judge 
improvement Both had severe, almost unbearable, nocturnal pain, with 
the usual manifestations of greatly impaired circulation in the foot In 
one case, a laige and slowly progressing ulcer on the dorsum of the 
foot was evidence of serious circulatoiy deficiency This patient showed 
no benefit from sympathectomy and required amputation soon after- 
ward The other patient showed definite clinical improvement, the 
paroxysms of excruciating pain were almost entiiely controlled, and a 
gangrenous area on one toe slowly healed He was able to use his foot 
for several months, but returned within a year with further gangrene, 
for which amputation was done From results of sympathetic inter- 
luption reported in the literature, it soon became appaient that some 
benefit was being achieved in certain cases, while in others the operation 
failed to affect the disease materially In fact, this pioneer work has 
indicated a numbei of pathologic fields in which sympathetic activity 
may play a leading role in the production of harmful effects From the 
first, however, an important obstacle to the clinical exploitation of these 
possibilities has been the lack of accuiate criteria by which to demon- 
strate and to measure the element of sympathetic activity in the clinical 
syndromes 

In 1929, this need piesented itself to us in deciding on the treat- 
ment of a patient with a typical example of Hu schsprung’s disease At 
that time, the results of interiupting the sympathetic innervation of the 
large intestine for this condition were lecorded in the literature m only 
se\en cases In five of these, the immediate result was distinctly grati- 
f}ing although the inteival of postoperative observation was too short 
to warrant final conclusions If sympathectomy would cure this patient, 
we surely wanted to carry it out On the other hand, if it would not 
benefit this particular child, we did not want to submit him to the 
operation unnecessarily We reasoned that if the abnormality was 
dependent on activity of the lumbar sympathetic nerves and would be 
benefited b\ their removal, then temporary improvement in the motility 
of the bowel should be demonstrable after the lumbar efferent sympa- 
thetic fibers from the cord w^ere paralyzed Consequently, we deter- 
mined the motor function of the boAvel by a barium enema before and 
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after the induction of spinal anesthesia^ The effect of this pioceduie 
was so striking that we weie convinced that the patient would be 
greatly benefited hy permanent intenuption of the lumbar sympathetic 
outflow After bilateral lumbar sympathetic ganghonectomy, the patient 
began to haie regular bowel movements and became capable of com- 
pletely emptying the contents of the left colon, as demonstrated by a 
motor test with a barium enema We have applied this method, with 
similai convincing results, in another case of Hiischspiung’s disease 
This pioceduie has also shown its value in two cases of obstinate consti- 
pation not of the Hirschsprung type The latter patients did not show 
the lapid emptying of the distended bowel after spinal anesthesia that 
the former did We concluded, therefore, that the constipation arose 
on some basis other than sympathetic activity, and that sympathectomy 
would not lelieve their obstipation In Older to demonstrate further the 
effect of spinal anesthesia on the motor mechanism of the large bowel, 
this was studied m the cat Under the conditions of the experi- 
ment, with the animals under light ether anesthesia, the stiaight intestine 
was exposed and kept moist with a fine saline spray, it showed no 
effective peristaltic or expulsive action, even when fully distended wuth 
fluid .Shoitly after the mtioduction of procaine hydi ochloride intia- 
spinally, Mgorous cooidiiiated peristalsis appeared, first m the cecal 
legion, followed in a short time by powerful expulsive contractions, 
resulting m the emptying of the bowel when it was distended From 
this clinical and experimental work, we concluded that spinal anesthesia 
was a satisfactory method for testing the presence of symipathetic 
inhibition acting on the large bowel It also seemed reasonable to expect 
that this method would prove equally effective m connection with other 
symptoms undei the influence of these nerves We turned oui atten- 
tion, theiefore, to its application m diseases of the peripheral vasculai 
system 

PERIPHERAL VASCULAR DISEASE 
REVIEW or THE LITERATURE 

“In those cases of gangrene in which no obstruction has been found 
after death in the vessels of the dead parts, it is extremely probable 
that a long peisistent spasm of the blood vessels has existed” Thus 
Brown-Sequard,' in a lecture before the Royal College of Surgeons of 

1 Roentgenograms of this procedure will be found reproduced in one of our 
previous papers Scott, J AI , and Morton, J J Sympathetic Inhibition of 
the Large Intestine m Hirschsprung’s Disease, J Clin Investigation 9 247, 1930 

2 Brown-Sequard, C E Course of Lectures on the Physiologj- and Pathology 
of the Central Nervous System Delivered at the Royal College of Surgeons of 
England m Afay, 1858, Philadelphia, 1873, p 148 
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England in May, 1858, called attention to the clinical importance of 
vascular spasm and its differentiation from occlusion In the early pait 
of the same decade, Claude Bernard had demonstiated the vasoconstric- 
toi fibers in the cervical sympathetic chain The physiologic action and 
anatomic pathways of the sympathetic vasoconstrictoi s aie well known 
This information, however, has not been applied to the development of 
a practical method for differentiating the elements of spasm and occlu- 
sion, and for determining their relative participation m any individual 
case of peripheral vascular disease As will appear later, this distinction 
IS of great significance in the common forms of vascular disease, not 
merely in the unusual instances, such as those alluded to by Biown- 
Sequard and those described by Raynaud, in 1862, m his classic 
monograph on local asphyxia and symmetrical gangrene of the extremi- 
ties French investigators,^ by the use of the oscillometer before and 
after immersing the extremity in a hot water bath, had attempted this 
distinction Howeier, this method gave no index to the blood flow 
through the finer vessels of the collateral and teimmal cii dilation It 
is inadequate for our purposes The hyperthermia following the 
parenteral admmistiation of a foreign protein had long ago been advised 
as a method of tieatment in many conditions, among them the peripheral 
lascular diseases Brown ^ applied this reaction to the diagnosis of 
these peripheral vascular diseases, deriving a vasomotor index from 
a comparison of the increase in surface temperature of the foot with the 
increase m body temperature This method offered the first differ- 
entiation of spasm and occlusion in the involved area We have used 
It several times, but it is disagreeable to the patients and inconvenient to 
the ph}sician, and m some leported cases has resulted in seiious com- 
plications Consequent!} , we applied ourselves to the development of a 
simplei procedure to measure the elements of spasm and occlusion m 
the extremity It was an ohvious step to carry out the same proceduie 
111 vascular disease that had been so satisfactory as a test for sympathetic 
activity m Hirschsprung’s disease We therefoie studied the effect of 
spinal anesthesia on the circulation through the extremities in persons 
with normal vascular systems as a basis on which to interpret the 
response in pathologic cases 

3 Babmski, J , and Heitz, J Obliterations arterielles et troubles vasomoteurs 
d’origine reflex ou centrale, Bull et mem Soc med d hop de Pans 40 570, 1916 

4 Brown, G E The Treatment of Peripheral Avascular Disturbances of the 
Extremities, JAMA 87 379 (Aug 7) 1926 

5 Allen, A W , and Smithwick, R H Thrombosis of Peripheral Arteries 
Following Intravenous Injection of Typhoid Vaccine Report of Two Cases, New 
England J Med 200 217, 1929 
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METHODS or MEASURING VASOMOTOR CHANGES IN THE EXTREMITIES 

Let US mteipose here a few remaiks about the method chosen to 
measure the A^asomotor changes m the extiemities Three such methods 
are available and have been used m studying the peripheial circulation 
in the laboiatoiy and in the clinic These aie (1) plethysmographic 
records of i^olume changes, (2) determination of the rate of dissipa- 
tion of heat fiom the part, usually by a water calorimetei, and (3) 
determinations of the surface temperature The plethysmographic and 
caloiimetiic methods, though sensitive indexes of the rate of blood flow 
aie not applicable to comparative determinations m various areas, such 
as the different toes, or the toe as compared with the sole, etc , data that, 
as will appeal later, are of impoitance to us They are available for 



room at a constant temperature (20 C [68 F ] ) Each line represents the maxi- 
mum and minimum readings over a period of one-half hour The area of skin 
was exposed to the standard conditions for fifteen minutes each time before tem- 
perature readings were started 

clinical use only when applied to larger parts, such as the whole foot or 
lower part of the leg The surface temperature, however, can be easily 
and quickly determined for any number of points At a given loom 
temperatuie, it is an accurate index of the blood flow through the 
involved area, if this does not closely overlie conti acting muscles In 
normal persons suiface temperatures vary greatly (fig 1) What, then, 
IS then significance, and how are they of use to us in studying the 
present pioblem^ The actual reading at which the suiface temperature 
starts IS of little significance It is an index of the arteriolar circula- 
tion, which IS undei going many physiologic changes during the day 
under noimal conditions, as is well known Comparative tempeiatures 
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are sometimes of impoitance, especially AA'hen a difference of at least 
1C (33 4 F ) IS shown in symmetrical areas The chief value of 
determinations of suiface temperature, however, consists m following 
their response to certain piocedures that normally affect the vasomotor 
activity in the extremity Thus, if vasoconstiiction is well marked, as 
it normally is or can be induced, in the distal part of the lower extremity, 
the surface temperatuie should show a striking increase when the 
simpathetic lasoconstiictor fibers aie paralyzed 

We determined the surface temperatures in a group of persons with 
apparent!}’’ normal I'asculai systems befoie and after the induction of 
spinal anesthesia for various t)'pes of operations (fig 2) With the 
exception of a small gioup, which we shall presently discuss, all of these 



Fig 2 (case 32599) — Normal response to spinal anesthesia m a case in which 
herniotomy was performed on the right side (normal blood vessels) Temperatures 
of toes and soles rise sharply and come to the same level 

patients showed a sharp mciease m the surface temperatures of the 
feet on the estabhsnment of complete anesthesia m that aiea After a 
feu obsert ations, it was erident that this furnished a satisfactory basis 
foi demonstrating the presence of vasoconstriction We later learned 
that simultaneously m at least two othei clinics this same procedure was 
being developed as a qualitatne test for vasoconstriction® After 
assembling a gioup of twent 3 '^-two such curves m normal persons, a 
careful stud} of them }ielded further important mfoimation The 
curves showing a sharp use in surface tempeiatures legularly i cached 

6 ^Yhlte, J C Diagnostic Blocking of S 3 'mpathetic Nerves to Extremities 
with Procaine, J A if A 94 1381 (May 3) 1930 Brill, S , and Lawrence, L B 
Changes m Temperature of the Lower Extremities Following the Induction of 
Spinal Anesthesia Proc Soc Exper Biol & Med 27 728, 1930 



SCOTT-MORTON—SYMPAl HETIC ACTIVITY 


1071 


a level at which they remained for a considerable time, then giadiially 
declined to approximately the original point (fig 3) Furtheimoie, the 
level that the colder part of the extremity (usually the toes) attained 
was approximately the same on both sides and also the same as that 
reached by other parts of the extremity On comparing this tempeiatuie 
with the oiiginal temperature of the warmest pait of the exposed body, it 
was again found to be approximately the same On studying these 
results mathematically, we were surprised to find in these twenty-two 
cases that the height of the temperatuie attained by the surface of the 

« j 

great toe always fell within 1 5 degrees of the mean In othei woids, 
even without coirection for room tempeiatuie, which varied con- 
siderably 111 the first sei les, the skin in these normal 'extremities became 
appioximately unifoimly warmer, not only thioughout the extiemity. 


I 



Fig 3 (W S 34172) — A normal vasodilatation level, reached by the toes and 
soles following spinal anesthesia in a case in which herniotomj'' was performed, is 
maintained as long as the complete anesthesia lasts (about two hours) As sensa- 
tion and motion return to the extremities, the temperatures of the toes and of the 
soles fall approximately to the point from which they started (reappearance of 
vasoconstrictor gradient) The hand, not being anesthetized, shows a fall in sur- 
face temperature during the operation (psychic and mechanical influences) The 
room temperature was 249 C 


but on comparison of one person with another We named the level 
attained the normal vasodilatation level,'^ as it seemed to repieseiit the 
circulation entirely freed from vasoconstrictor impulses Three cases 
were found that did not respond by a sharp use m suiface tempeiatures 
after satisfactoiy spinal anesthesia In these patients (fig 4), though 
the peripheral circulation did not appeal giossly abnormal, the skin 
temperature of the toes and soles started at a very high level, in fact. 


7 Morton, J J, and Scott, W J M The Measurement of Sympathetic 
Vas^oconstnctor Activity m the Lower Extremities, J Clin Investigation 9 235, 
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nearly at the vasodilatation le^el, and either remained about the same 
or fell after spinal anesthesia All three of these patients were markedly 
cachectic and had advanced carcinoma Apparently, their condition had 
already produced a liberation of the peripheral vessels from vasocon- 
striction We shall later refer to this same phenomenon m certain 
vascular diseases These three cases of carcinoma are examples of 
Ipsen’s narcosis sign,® namely, an unfavorable piognosis in persons with 
presumably normal peripheral blood vessels when the skin temperature 
in the foot does not rise under general anesthesia We felt that further 
information m regard to vasoconstrictor activity could be obtained by 
studying the effect of other forms of anesthesia Surgeons have long 
known that theie is a peripheral vasodilatation under geneial anesthesia 
This phenomenon was extensively studied by Ipsen,® who used a simple 
scheme which shows the major changes We wanted to get further 
evidence, however, in regard to the level and the mechanism of this 



AU 


Fig 4 (case 32374) — Unusual response of normal vessels to spinal anesthesia 
in a few cachectic persons, as shown in a case of carcinoma of the gallbladder 
(normal blood vessels) The temperature does not rise after spinal anesthesia, but 
starts at a high level 

dilatation Does general anesthesia produce the same complete relax- 
ation of vasoconstriction as that seen following spinal anesthesia‘s We 
soon found that nitrogen monoxide-oxygen, ethei, and tnbromethanol, 
either alone or in sequence, produced the same character istic sharp 
increase in the sui face temperatures of the feet that was observed under 
spinal anesthesia^® (fig 5) Also after fiom twenty minutes to 

S Foged, J Ipsen’s Narkosephanomen, Deutsche Ztschr f Chir 229 365, 
1930 

9 Ipsen, J Les arteres et I’anesthesie, Acta chir Scandinav 6 487, 1929 
10 A preliminary report of the effect of general anesthesia on vasoconstriction 
was gnen before the Society foi Experimental Biology and Medicine Scott, 
W J if , and Morton, J J Obliteration of Vasoconstrictor Gradient in the 
Extremities under Nitrous Oxide-Oxjgen, Ether, and Tribromethyl Alcohol Anes- 
thesias Proc Soc Exper Biol & iled 27 945, 1930 
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half an hour the elevation of the skin temperature reached and held the 
normal vasodilatation level Figure 6 shows how the surface tempera- 
tures of the hand, the sole and the plantar surface of the great toe all 



Fig 5 — Obliteration of normal vasoconstriction by nitrogen monoxide-oxygen 
in a case in which herniotomy was performed on the right side 



/0:3D }Q\H0 W\SO jroo 

Fig 6 (case 35082) Normal \essels All parts of the extremities come to 
le norma vasodilatation level (obliteration of the vasoconstrictor gradient) 

come to within 1 degree of each other, the vasomotor gradient of the 
extremity has been obliterated Furthermore, after this level has been 
attained either b} spinal anesthesia or by one inhalation agent, the addi- 
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tion of another anesthetic does not alter the surface temperature 
(figs 7 and 8) Here there is additional CMdence that when once the 
A asodilatation IcA’-el is reached, the \essels are devoid of vasoconstiictor 
influence There aie a few sources of error to avoid m testing foi 
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Fig 7 — ^\Vhen the normal vasodilatation level is obtained by spinal anesthesia, 
the addition of an inhalation anesthetic produces no further effect, as shown in a 
case in which exploratory laparotomy and ventral herniotomy were performed 



Fig 8 ^AVhen the normal vasodilatation level is obtained by one inhalation 
anesthetic, the addition of another produces no further effect, as demonstrated in 
a case in Avhich exploration of the wrist Avas done 


this normal A^asodildtation IcA’^el In the first place, the anesthesia m the 
affected area must be complete if the nerA’^e fibers are blocked chemicall}'' 
(as m spinal anesthesia) In the second place, undei general anesthesia 
a sufficient depth must be attained to provide muscular relaxation 
(figs 9 and 10) In the third place, occasionalh some local abnormality 
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of the skill, such as a scar or an exterislive callus, will mterfeie with 
the normal vascular i espouse at that point In fact, where the skin is 
especially thick, the curve of temperature changes is a little slow in 
rising to Its maximum point Thus, often the temperature of the toe 



Fig 9 (S B 24432) — Depth of general anesthesia necessary to provide mus- 
cular relaxation Relaxation was not obtained in this case by nitrogen monoxide- 
oxygen alone Note the unsatisfactory effect on vasoconstriction On the addition 
of ether, with relaxation, note the prompt response of the skin temperatures to the 
normal vasodilatation level The room temperature was 25 4 C 



Fig 10 (C B 33971) — Normal vessels, release of vasoconstriction by anes- 
thesia with tribromethanol (m amylene hydrate solution) in a case in which 
laparotomy was performed for exploration When the patient was moved to the 
operating table he awakened, with the recurrence of some vasoconstriction Nitro- 
gen monoxide-oxygen was then administered, with a prompt return to the vaso- 
dilatation level The room temperature was 25 4 C 

reaches the vasodilatation level more promptly than that of the sole. 
When the present work was started, the sui face temperature was deter- 
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mined b} a meicui}’- thermometer so constructed that the sensitive 
surface was flat and could be applied to the skin The bulb of the ther- 
mometei was co^ ei ed with cotton or felt This method is similar to the 
procedure that Ipsen used This was sufficient to give the major swing 
of the temperatuie, but did not accurately measure the suiface tenipera- 
tuie, owing to the retention of heat underneath the felt The same 
objection applied also to the usual thermocouple, which took fiom thirty 
to forty-fi\e seconds to come to equilibrium Consequently, a simplified 
and moie sensitive appaiatus was perfected, which lequired about five 
seconds for each reading This mteival furnishes a tiue skin tempera- 
ture determination without the distortion of heat stoiage undei the 
apparatus 

avoiding the eriois mentioned, we then had two methods eithei 
one of which was entirely satisfactory foi obliteration of vasoconstrictoi 
activity, namely, spinal anesthesia and geneial anesthesia These left 
nothing to be desired in studying sueh reactions in any one requiring 
one of the types of anesthesia for an operation By this time, however, 
we had found the test indispensable in the study of any vasculai lesion 
in the extiemity We therefore wished to simplify the pioceduie so 
that it could be applied with a minimum of discomfoit to ambulatory 
patients and could be lepeated at intervals without inconvenience It is 
well established that the sympathetic motor fibers to the vessels of the 
extiemity aie segmentally distiibuted Weir Mitchell earned out the 
experiment of temporal il}'- inteiiupting impulses through a mixed neive 
by fieezing his own ulnai neive, and found an immediate increase in 
temperature m the anesthetized skin field He also ci edited Waller with 
a similar result Braun, m 1903, emphasized the vasomotoi paialysis 
with hjpeiemia and hyperthermia limited to the anesthetized area that 
follows conduction anesthesia Wiedhopf made an extensive study 
of this hj^perthermia associated with nerve blocking, and advised its use 
in determining the necessaiy height foi amputation In fact, he pre- 
sented evidence suggesting that the vasomotoi fibei s wei e more sensitn e 
to the paralyzing action of procaine hydiochloiide than the sensory oi 

11 This apparatus was developed under our direction by the Tajdor Instrument 
Companv of Rochester, N Y Scott, W J M An Improved Electrothermal 
Instrument for Itleasuring Surface Temperatures, J A M A 94 1987 (Tune 21) 
1930 

12 Mitchell, S M eir Cases of Lesions of Peripheral Nerve Trunks with 
Commentaries, Am J M Sc 86 17, 1883 

13 Braun, H Experimentelle Untersuchungen und Erfahrungen uber Leit- 
ungsanaesthesie Arch f klin Chir 71 179, 1903 

14 Wiedhopf, Oskar Experimentelle Untersuchungen ubei die Wirkung der 
periarteriellen S} mpathectomie und der Nervenvereimgen auf die Gefasse der 
Extremitaten Beitr z khn Chir 130 399 1924 
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motor filjeis He also advised fieezing the nerve trunks in arterio- 
sclerotic gangiene, not only foi the relief from pain, but for the dila- 
tation of the aiteiies, showing that he had not learned to distinguish 
the spastic and occlusue elements of vascular disease by this method 
Lewis and Landis and White® suggested the application of this 
method in the qualitative demonstration of arterial spasm We first 
investigated the i espouse of normal peisons to such conduction block 
Oui pin pose was to determine how the degiee of vasodilatation under 
such conditions would compare with the normal vasodilatation level 
pieviously established It is obvious that even if all of the vasocon- 
strictoi impulses in the peiipheral field are mteirupted, on anesthetization 
of a neive trunk, vasoconsti iction will be piesent m the largei vessels of 



Fig 11 — Landmarks for posterior tibial nerve block The nerve is located by 
palpation and is immobilized with the finger as far distally as it can readily De 
felt Injection at this point is distal to the point at which the nerve passes nnder 
the posterior tibial artery 

tne leg What proportion of the increase in peripheral circulation seen 
after spinal and general anesthesia will be obtained under peripheral 
neive block 7 This point lequired elucidation before the method could 
be used quantitatively to deteimine spasm and occlusion in pathologic 
cases 

In the majoiity of instances, the pioblem of peripheral vascular 
diseases is chiefly concerned with the feet Consequently, we wished to 
produce complete anesthesia in a skin area in the most distal part of the 

15 Lewis, T , and Landis, E M Some Physiologic Effects of Sympathetic 

Ganghonectomy in the Human Being and Its Effect in a Case of Raynaud's Maladv 
Heart 15-151, 1930 ^viamay. 
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loot This '\\as easih obtained b)' infiltration about the posterior tibial 
nene a little below the internal malleolus (fig 11) The nerve at this 
point can almost alwa}S be felt after it has passed under the posterior 
tibial arter} If procaine hydrochloride is infiltrated into this region, 
conduction block anesthesia of the corresponding skin field involves most 
of the sole and the plantar surfaces of the heel and of all of the toes 
This procedure was earned out in sixteen persons (medical students) 
with normal blood vessels, and it was found that the same form of 
curve was obtained in the anesthetized area that ensued after spinal oi 



Fla 12 Normal vessels showing lasodilatation obtained following conduction 
ilock of the left posterior tibial ner\e in R W The temperature of the room was 


general anesthesia i 12) Under standard conditions, the height of 
the curve in these normal peisons came within a lange of 1 5 degiees, 
but the mean of the maximum temperatures obtained undei conauctioii 
block was about 1 degree below that obtained under spinal or geneial 
anesthesia Consequenth , it seemed clear that m the involved area all 
but a small fraction of the increased circulation that follows spinal 
and general anesthesia was obtained by blocking the vasoconstnctoi 
fibers in the nerve trunk only a feiv inches from the peiipheral field 
In order to verif} this, the maximum surface temperature readings of 
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the foot of the same person were compaied following conduction block 
of the posteiior tibial ner\e with those obtained shortly thereaftei undei 
geneial anesthesia (fig 13) The skin temperature of the great toe 
reached its height at 32 9 C (91 2 F ) under the neive block, while 
Its maximum under nitrogen monoxide-ox} gen and ether anesthesia was 
33 6 C (92 5 F ) It is apparent, then, that conduction block is a 
satis factoiy method of estimating vasoconstiiction, though in boider- 
hne pathologic cases it is piobably desirable to check the data so 
obtained with the result of either spinal or general anesthesia 

We have shown the effect on the surface temperatuies of the 
extiemities of the tempoiary abolishment of vasoconstriction by three 



Fig 13 — Normal vessels , comparison of vasodilatation obtained by blocking the 
left posterior tibial ner\e with that following inhalation anesthesia in J J The 
temperature of the room was 22 C 

diffei ent methods, and ha^ e established the noi mal vasodilatation level 
by these procedures as follows at a loom tempeiature of 20 C (68 F ), 
the surface tempeiatuie of the great toe leaches at least 31 5 C 
(88 7 F ) with geneial or spinal anesthesia and 30 5 C (869 F ) with 
nene block of the posteiior tibial nerve (If the determination is 
earned out in a wanner room, a collection factor of 0 3 C [32 5 P" j 
should be added to these levels fjr each degiee centigrade by which 
the loom tempeiatuie exceeds 20 C ) comparing the effect obtained 
111 pathologic cases with these figures for the normal response, we are 
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now able to divide all peiiplieral vascular disturbances in the extremities 
into three main categories The ciiculatory symptoms m the respective 
groups are due to (1) occlusion alone, (2) spasm alone and (3) mixed 
spasm and occlusion Most cases of endaiteiitis obliterans, whether 
of diabetic or of arteriosclerotic origin, fall into the first group of occlu- 
sion alone (figs 14 to 17) Piobably most cases of Raynaud’s disease 
and many of the cases that have been classified as thrombo-angiitis oblit- 
erans lespond in then eailier stages to anesthetization of the vasoconstric- 
tor fibers with a dilatation to the noimal level (figs 18 to 20) Many 
examples of thrombo-angiitis obliterans and also some of syphilitic 
arteritis show both spasm and occlusion by this test (figs 21 and 22) 




Fig 14 — Endarteritis obliterans in C W No palpable pulses in either foot 
Right toes show marked dependent rubor Gangrene threatened on the right, not 
on the left Injection of the right posterior tibial nerve causes no significant increase 
in temperatures Gradual increase in surface temperature of left toe occurs on 
the unanesthetized side Interpretation circulatory deficiency in right foot due 
to occlusion without spasm Room temperature was 20 C 

In the fiist group (occlusion), with the establishment of a satisfactory 
anesthesia b} any of the three methods outlined, there is practically no 
increase in the surface temperature of the involved part Frequently, 
the most distal part of the extremity will show this type of response, 
while a small amount of vasoconstriction can still be demonstrated in 
more proximal areas The second group (spasm) includes many 
examples in which the history strongly suggests a spastic lesion by the 
extreme variation of symptoms during different periods This is, of 
course, particular!} well exemplified by the white and blue phases of 







Fig 15 — Endarteritis obliterans in a man, aged 41 Circulation in the left foot 
dangerous!}’' unpaired, with a small indolent ulcer on the dorsal surface of the left 
great toe Conduction block of left posterior tibial nerve was not followed by 
increase in temperature, indicating occlusion without spasm Temperature of the 
room was 21 1 C 




Fig 16 — Diabetic endarteritis obliterans m Mr E S No increase m surface 
temperature of the left toes, those on the right show very slight increase with 
an occlusion index of 5 C The temperature of the room was 21 1 C 






Fig 17 (case 6756) — Diabetic endarteritis obliterans No inciease in surface 
temperature after inhalation anesthesia Occlusion without spasm Temperature 
of the room was 21 1 C 



Fig 18 Angiospasm of the Lands (Raynaud’s t^pe) Following inhalation 
anesthesia, the right third finger reaches the vasodilatation level The left shows a 
marked increase, but lemains nearly 2 degrees below the right, showing a slight 
occlusion index in the left third fingei This corresponds with the clinical picture, 
as there had been a superficial area of necrosis on the left third finger, leaving a 
scar 
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Ra}naud’s disease, with inter\emng periods of normal color and appai- 
ently normal cii dilation But many times it is found that spasm is the 
outstanding cause of symptoms in cases of common vascular diseases that 
appear clinically exactly like the outspoken members of the occlusion 
gioup A laige number of the presenile vascular diseases show both 
spasm and occlusion ObMOUsly, there are many degrees in the exact 
pioportion of each of these tno elements m the various cases Some 
show a meie trace of spasm still piesent, while others attain almost the 
normal levels aftei anesthesia To designate the proportions of spasm 




Fig 19 (case 42685) — “Diabetic endarteritis obliterans,” clinical diagnosis 
Circulator)^ impairment causes pain and disability, more severe on the right Test 
with inhalation anesthetic shows circulatory symptoms chiefly due to spasm Occlu- 
sion index about 1 C The room temperature was 22 7 C 

Fig 20 Same effect shown b) conduction block of left posterior tibial ner\ e 
111 a case of arteriospasm m F C S Compare the heights of the temperatures 
obtained under nerve block and inhalation anesthesias Temperature of the room 
was 20 C 

and occlusion m any aiea, the highest surface temperatuie (centigrade) 
attained is subtracted from the lowest normal reading established for 
the type of anesthesia used This figure is called the occlusion index 
and is of importance in determining the type of treatment to be 
adopted in the mixed group We may emphasize here the fact that 
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these clinical groups are established on the basis of their physiologic 
response rather than on a pathologico-anatomic basis Probably a cer- 
tain amount of organic occlusion caused by thrombosis or by narrowing 
of the lumen is present in nearly all of the cases of vascular disease, 



Fig 21 (case 31391) — S 3 '-phihtic endarteritis obliterans No pulsations in the 
right foot and feeble pulsations in the left Circulation seriously impaired on the 
right Following spinal anesthesia left foot comes up to the normal vasodilatation 
le\el Right foot shows a definite but incomplete rise with an occlusion index of 
25 C 



Fig 22 Thromoo-angiitis obliterans with migratory phlebitis m P B Symp- 
toms at present limited to the right Inhalation anesthesia shows response on the 
left to the normal vasodilatation level , on the right, a definite but incomplete rise 
Occlusion index, 2 C Temperature of the room was 21 C 

with the exception of the earlier stages of Raynaud’s disease But 
there is an important difference in the effect of such changes on the 
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ciiculation of the foot, primarily owing to the behavior of the collate! al 
and terminal \essels The location of tliese important aiteiies is 
Msnah/ed in the accompanying loentgenogiams Figure 23 shows an 
Ultra vitam injection of the arterial tiee with an iodine salt An 
obstiuction in the posterior tibial artery is seen, the small anastomotic 
branches lunning parallel to the main vessel can be followed down to 



1 


Fig 23 — Arteriosclerosis with occlusion of posterior tibial artery, intra vitam 
injection This figure is shown to illustrate the collateral circulation through the 
small vessels The posterior tibial artery blocked in about the middle of the calf 
IS reconstituted opposite the malleolus (retouched photograph) 

tne point wheie the channel is reconstituted m the main artery about 
opposite the internal malleolus Figure 24 shows an injected specimen 
of a leg amputated on account of infection It shows very nicely the 
smaller terminal arteiies in the foot In advanced noninflammatory 
occlusive disease, such as that typically seen in arteriosclerosis or diabetic 
endarteritis, lasoconstiiction, even that amount usually present in nor- 
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mal persons, is lacking Apparently some compensatory mechanism has 
released the anastomotic and terminal arteries and aiterioles from all 
vasoconstrictor effects (figs 25 and 26) It is exactly thus that vascular 
disease associated with spasm differs from the occlusive form In 
advanced stages of arteriospasm thieatemng the viability of the part, 



Fig 24 — Injection of amputated extremity to illustrate the terminal finer 
arteries Note the occlusion of the posterior tibial artery in the lower third of 
the leg shown between the tibia and fibula The viability of the foot is more 
dependent on the anastomotic and terminal arteries and arterioles than on the mam 
arteries in the lower leg 

vasoconstriction still persists and is not released by the compensatory 
mechanism seen in the occlusive group What causes this difference^ 
^^^e do not yet have final proof, but it is our hj^pothesis that the inflam- 
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niatory reaction extending through the wall of the vessels, which is so 
characteristic pathologically of thrombo-angntis ohhteians, affects the 
nerve fibeis in the adventitial coat or eieii in the accompanying 
nerves themselves This sets up a reflex \asoconstiictor spasm, the 
particulai importance of which is that it involves not only the diseased 
main arteries, but the collateial and terminal small vessels in the 
peiiphei}'’ Consequently, when the circulatoiy deficit reaches a certain 



Fig 25 (case 31766) — Endarteritis obliterans on the left No pulsation on the 
left, feeble on the right Circulation of left foot dangerously impaired Left great 
toe shows no rise after spinal anesthesia, right great toe shows slight increase Note 
that the side with the more seriously involved peripheral circulation starts at a 
higher level and shows no vasoconstriction, while the less involved side shows a 
slight amount of vasoconstriction still present 



Fig 26 (case 26956) — Diabetic endarteritis obliterans (arteriosclerotic vessels) 
Left leg amputated previously Circulation in right toes seriously impaired Fol- 
lowing spinal anesthesia, no increase in surface temperature of the toes, but definite 
increase m the sole Note particularly the reversal of the normal vasoconstrictor 
gradient, with the temperature of the toe starting at a higher initial level than 
that of the sole, owing to the absence of \asoconstriction m the toe 


point m occlusion it brings into play the compensatory release of normal 
vasoconstriction, but m the spastic group this reflex t asoconstriction 
continues We have found that in vascular disease the efficiency of the 
circulation to the distal part of the extremity is much more dependent 
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on these smaller arteries than it is on the main aiteiial tiunk An illus- 
tiation of this is found in a case of arteriosclerotic endarteiitis in which 
'theie was diminution oi absence of pulsation in all foui major vessels 
of both feet Howevei, the left dorsalis pedis arteiy could baiely be 
felt , the right was not palpable This greater impairment of the large 
vessels in the lowei part of the right leg was borne out by the following 
oscillometric leadings On the left side, the swing was one and one- 
half major divisions, while on the right side it was only one-half Yet 
in spite of the moie complete occlusion of the larger arteiies, the 
tempeiatuies of the right toes were 1 degiee higher than those of 
the left, showing a more rapid peripheial circulation on the side with 
the moie defective major arteries This phenomenon was piobably 
due to the fact that the left side was still affected by vasoconstriction, 
while on the light side the compensatory mechanism had leleased it 

A leview of tne lelationship of sympathetic stimuli to peripheral 
blood vessels shows a vaiying degree of vasoconstrictor activity m the 
normal peison In occlusive disease without inflammatory reaction in 
the outei wall of the blood vessels, this noimal vasoconstriction is 
leleased when the cii dilation becomes seriously impaiied In spastic 
disease, ^asoconstllctlon continues even when the i educed circulation 
to the pait endangeis its viability When some of the anastomotic and 
terminal vessels become occluded also, the mixed type lesults Theie 
are many more examples of spasm among the common diseases of the 
peripheral blood vessels than is usually realized 

TREATMENT 

The diffeientiation of occluswe and spastic vascular disease and the 
estimation of the relative proportions of each when both are piesent 
aie of pi line importance, because the piinciples on which the treatment 
foi these gioups must lest differ radically (fig 27) In the group in 
which s}mptoms are entirely dependent on occlusion, nothing whatever 
is gained b) the elimination of vasoconstiictor activity Sympathectomy 
for such patients is unjustifiable Besides symptomatic lelief fiom 
discomfort and the avoidance of infection, treatment should be diiected 
to one end, namely, a moie efficient perij^heral distribution of the blood 
Venous ligation seems to offei some assistance in this diiection It is 
probably in this mannei also that pain in such cases may be somewhat 
alleraated by depiession of the level of the feet, gravity theieby being 
used to assist m the foicing of blood through the most distal parts 
It IS not oui puipose to discuss extensively the treatment for occlusion 
We want particularly to emphasize that there is no evidence of partici- 
pation of the sjmpathetic activity in this group On the other hand, 
in conditions in which spasm is piesent the tieatment is entirely different 



^COI 1-MORI ON—SYMPAl Uhl IC ACJIVriY 


1089 


and should consist m mcastiics to ovcicomc the spasm Thcic aic 
scvci.il w.iys in which this pioldcm m.iy be at Picked 

1 Ovcnoiiunc) the Juflaniwaloiy Pioccw — The most dnect and 
satisf.ictoiy pioccduie would be to ovcicomc the infi.immatoiy pioccss 
In syjdiihtic vasciilai disease this c.in sometimes be .vchicvcd, and the 
j) 0 ssibihty of this specific agency being the cause of the condition should 
alw.iys be considcicd, pai denial ly m the mixed qioup showing both 
spasm and occlusion It is oui impicssion fiom the limited numbci of 
cx.amplcs of syphilitic aitciitis m which we have tested foi sp.ism that 
spasm w.is mixed with some occlusion and w.is not usu.illy an especially 
sinking jd-ienomcnon In the aitciial sp.ism of Ihiombo-angiids obblci- 
ans and Tayntiud’s disease, we do not yet know the piim.iiy cause of 



log 27 — Response to .incsthcsi.i as a kukIc to tic.itnicnt If the sin face 1cm- 
])ei<itiiic uses (o tlie iioim.il v.isodil, nation level, cm ve /I, oi to within 2 C (SS 3 F ) 
of tins point (occlusion index less limn 2 C), entve B, the ticatmcnt should be 
diiected tow.aid ovei coming the spasm If the use in Icmpci.atnie is definite with 
.in occlusion index between 2 and 4 C (391 F ), cnivc C, the iclcasc of spasm 
may be of assist.ince But if the use m snif.icc tempci.atnic is only to a point at 
winch the occlusion index is moic tliau 4 C , cnivc D, oi if thcic is no use, cmvc E, 
tic.ninciit should be foi occlusion, symp.ithcclomy is nnjnstiriablc 


the le.iction y\ny infoim.ition along this line will be gi.itefully leceived 

by .ill who .lie icquiicd to tie.it patients with v.iscnlai diseases in the 
cxtcimity 

2 Vasndilaloi is n.ituial next to turn foi .assist.ince to 

the phaim.icolomc .igcnts th.it cause vasodil.it.ition oi op]iose symp.ilhctic 
stimul.ition We h.ivc tned out in this connection the nitiites, acetyl 
chohne .ind ciqotaminc, but we h.avc not been aide to obt.iin an immedi- 
.ate eflcct on the peiiphci.il vessels of the cxtiemity m ai tonal sp.istic 
disease that .d .ill .ippioaclics the inteiiuption of the symp.ithctic fibcis 

3 Local Heal —In ccitain foi ms of aitciial spasm, heat applied 
oc.illy iclaxcs the spasm This is paiticulaily tiue m ccitain ti.aum.atic 
lesions It IS impossible to use leadings of the stiifacc tcmpciatuic 
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directly as an index of the effect of local heat on the vasculai ciiculation 
We haie studied in isolated instances the normal recovery from heat 
and cold, but haAe not }et established satisfactoiy criteiia foi the normal 
hunts The effect of local heat in arterial spastic disease is not as 
lasting as the application of heat to raise the body tempeiature 

4 Gene) al Heat — ^\¥e have produced hyperthermia in these patients 
by tv o methods (c) diatherni)' and {h) hot baths Dr S L Warien 
supervised the diathermy tieatments, which consisted m the passage of 
5 ampeies of high fiequenc}'' cuiient (wavelength 300 nieteis) through 



Fig 28 — Arteriospasm, the effect of diathermy in Mr C B Sympathectomj’’ 
had been performed on the right side Diathermy caused a rise m the mouth tem- 
perature and the surface temperature of the denervated side, but a much 
greater rise proportionatel> on the side not operated on A difference of over 5 C 
t41 F ) in the skin temperature of the two toes recorded at the beginning of treat- 
ment IS reduced to 1 C (33 4 F ) Note also that the surface temperature of the 
left toe IS still ele.ated considerably above its initial point after the mouth 
temperature had returned to normal Temperature of the room was 22 C 

the bod} between laige electiodes The continuous hot baths vere 
gnen by the method lecently adtised by Mehrtens and Pouppiii: In 

oui cases both proceduies caused a relaxation from arterial spasm which 
outlasted the htpeithermia produced (figs 28, 29 and 30) Pam was 
temporaril} alleviated ¥'e hate not yet followed these patients long 


16 klehrtens, H G, and Pouppirt, P S Treatment of Intermittent Claudica- 
tion with H 3 Terp}^rexia Produced by Baths, J A M A 95 1910 (Dec 20) 1930 
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enough to deteimine how eft'ective these measures will pio\e m peima- 
nently keeping the spasm under contiol We believe, however, that they 
pioduce a much more desirable form of hypeitheimia than that follow- 
ing foieign protein 

5 Foieign Piotein—-T\\& injection of vaiious types of foieign 
piotem has long been used in the treatment for seveial conditions, among 
them the peripheral vascular diseases Allen and Smithwick"* and 
Blown and Henderson have found considerable improvement follow- 
ing lepeated injections of typhoid vaccine The former workers have 



Fig 29 — ^Artenospasm the effect of diathermy in Mr F S Note that the 
surface temperature in the toes is still elevated three hours after the diathermy 
was discontinued and after the mouth temperature had returned to normal Tem- 
perature of the room was 25 C 

called attention to the danger of thrombosis with this method ® Even 
though the effect may prove somewhat more persistent than that follow- 
ing h 3 pertheimia produced by the methods already described, the 

Allen, A W , and Smithwick, R H Use of Foreign Protein in Treatment 
of Peripheral Vascular Diseases Results of Intravenous Injections of Typhoid 
Vaccine, JAMA 91 1161 (Oct 20) 1928 

IS Brown, G E, and Henderson, M S The Diagnosis and Treatment of 
Arterial Vascular Disease of the Extremities, J Bone & Joint Surg 9 613, 1927 
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seventy of reactions, whether oi not associated with complications, 
makes it not an ideal form of tieatment 

6 Smgical Intel niption of Sympathetic Fiheis — ^Whenever vaso- 
constriction IS demonstrated, it can be overcome by the inteiruption of 
the sympathetic fibers to the involved area This may be done at 
dift'erent levels The first attempt to accomplish this was periarterial 
sympathectomy Leriche developed the procedure of denervating a 
length of artery by the removal of its adventitia He thought that 



Fig 30 — Artenospasm the effect of a continuous hot bath m Mi F S Note 
the more rapid fall in mouth temperature than in surface temperature after the 
completion of the bath Temperature of the room was 22 7 C 

theieb} he inteirupted efterent fibeis to the peiipheral field Following 
this proceduie it vas reported that a vasodilatation occuiied in the 
coriesponding extiemih Later it was added that vasodilatation also 
occurred m othei extremities, which was thought to be due to some 
tipe of reflex disturbance More recently anatomic studies have veri- 
fied the preiious anatomic and ph 3 ’'siologic conception that the vaso- 
constrictor fibers for distant fields are confined to the mam nerve ti links 
A stud}-- of the surface temperatures in the extremities after othei 
simple operations, such as herniotomy, shows that some of these I'ascular 
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changes previously thought due to mteiruption of sympathetic fibers aie 
meiely nonspecific postoperative effects (fig 31) Possibly some of the 
results repoited are due to iiitenuption of afferent fibers Under an} 
circumstance, it is quite clear that periarterial sympathectomy is not a 
satisfactory method of overcoming vasoconstrictor spasm in the 
extremities 

7 Ganghonectomy — Approximately the same degree of vaso- 
dilatation that can be temporarily induced by anesthesia can be made 
permanent by sympathetic ganghonectomy in the proper area The 
duration of the effect has been questioned We have patients now that 
have maintained for more than two years a constant elevation to a 



Fig 31 — Nonspecific postoperati\e effect on peripheral circulation o£ normal 
vessels in C M , on whom herniotomy had been performed on the right side Each 
line represents the maximum and minimum temperatures recorded under standard 
conditions (room temperature 20 C ) for a period of one-half hour each day Note 
the marked elevation above the original level for several days following herniotomy 
under local anesthesia 

high level on the side on which operation was performed (figs 32 
and 33) Brown and Adson,^'’ Filatov and others reported similar 

19 Brown, G E, and Adson, A W Physiologic Effects of Thoracic and 
of Lumbar Sympathetic Ganghonectomy or Section of the Trunk, Arch Neurol & 
Psychiat 22 322 (Aug ) 1929 

20 Filatov, A Klinische und experimentelle Untersuchungen uber die 
Schwankungen der Hauttemperatur nach chirurgischen Eingriffen am lumbalen 
und cervicalen Abschnitte dcs sympathischen Nervensvstems, Beitr z klin Chir 
149 95, 1930 
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effects, some over e\ en a longer period The influence of sympathectomy 
on the progress of the thrombotic piocess in the mixed group, as in 
certain cases of thrombo-angiitis obliterans, is not known as 3^et It is 
our belief that not only will the circulation be relieved of the spastic 



Fig 32 — Left cervical sympathectomy three months previous to test in Miss 
L D Surface temperature of the left fingers was maintained at a high level, which 
IS the same level reached by the right little finger after the right ulnar nerve was 
blocked with procaine hydrochloride Temperature of the room was 20 5 C 



Fig 33 Thrombo-angiitis obliterans twenty months after right lumbar sym- 
pathectoni} in P B Surface temperatures on the right side have been maintained 
at a high lei el contmuousli since operation (for twent}'' months when this paper 
lias iintten), together iiith great improvement in symptoms on this side The 
lei el maintained is a little below that reached by the left great toe after the left 
posterior tibial nerie was blocked with procaine hydrochloride Temperature of the 
room was 20 C 
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element, but the absence of spasm may exert a beneficial effect to retaid 
extension of the thrombosis Our opinion m this matter is based on the 
known development of thiombosis as a complication of the arteiial 
spasm m the latei stages of Raynaud’s disease It is also influenced 
by the possibility that reflex spasm of the vasa vasorum may be a factor 
in an extension of the disease These considerations in regaid to the 
fuither piogiess of the thrombotic element are at present theoretical, 
the effect of ganghonectom}'- in impioMiig the peripheral ciiculation by 
lemoving aiteiial spasm is proved 

In some cases, paiticulaily those in which pain is an impoitant ele- 
ment m the disease, as Smithwick and White have pointed out, 
interiuption of the peripheral nerve may be of benefit to oveicome the 
pain and to lelease the aiteiial spasm in the peripheral area supplied 
This is paiticulaily applicable to older persons who should not be sub- 
mitted to ganglionectomy and m cases in which hyperthermia by physical 
means is not advisable or proves insufficient We have recently used 
alcohol injection into the peiiplieral neive with great satisfaction in 
ovei coming the painful excessive leaction to moderate cold in a case of 
causalgia 

In the mixed group, we do not yet have a sufficiently extensive 
experience to decide definitely the propoition of occlusion beyond which 
the results do not justify sympathectomy As a tentative plan, we are 
not doing this operation if the occlusion index is over 4 degrees in the 
foot We have seen impiovement in the ciiculation of the foot after 
sympathetic deneivation, with the piogression of the thrombotic process 
in one or two toes to the point that local amputation of the latter was 
necessaiy This we did not consider a leflection on the desirability of 
the sympathectomy 

In biief, as long as spasm is the dominant factor in the viability of 
the extiemity, measuies are mainly diiected toward the overcoming of 
this vasoconstriction We know that surgical interruption of the 
sympathetic fibers will effect this result promptly Certain simplei 
methods, howevei, also do so temporarily The exact value of the 
lattei must be worked out by extensive studies At present, the choice 
between conseivative measuies and an operation on the sympathetic 
sjstem must be decided in each case separately If spasm cannot be 
conti oiled by othei measures, sympathetic ganglionectomy may be less 
ladical than nonopeiative treatment 

21 Smithwick, R H , and White, J C Elimination of Pam m Obliterative 
Vascular Disease of the Lower Extremit}^ (A Technique for Alcohol Injection of 
the Sensory Nerves of the Lower Leg), Surg, Gynec & Obst 51 394, 1930 
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COMMENT 

This stud} of the S}mpathetic influence on the Avascular system has 
brought to light a fundamental difiterence in the control of the peripheial 
and the splanchnic aiteiies The usual surgical depth of general 
anesthesia entirely obliterates A^asoconstriction m the extremities, while it 
scarcely aflrects that of the splanchnic area This seems to be dependent 
on an anatomic or, more probably, a phylogenetic difference m the 
vasomotor control for these regions 

In the future, data based on this distinction of spasm and occlusion 
and a more minute study of these elements will greatly assist in settling 
many fundamental questions concerning peripheral vascular diseases 
When and how in the occlusive group does obliteration of normal vaso- 
constriction occui ^ How does the arteriospasm of the spastic gioup 
differ fiom normal vasoconstriction in severity, in persistence or in 
what wa} ? 

SUMMAB y 

Pioneers have recently opened up important possibilities in the 
application of anatomic and physiologic knowledge of the sympathetic 
neivous system to several clinical syndromes For the achievement of 
sound pi ogress in this interesting field there is now needed the estab- 
lishment of cnteria by which to measure the sympathetic activity m the 
\aiious s\ stems The effect of the temporary interruption of the 
extiinsic nerve supply to the laige bowel by spinal anesthesia is offered 
as an index of the amount of sympathetic inhibition present in megalo- 
colon For Aascular diseases of the extremities, a simple, systematic 
test IS outlined A\hich distinguishes the effects of spasm and of occlu- 
SiOn The Aasoconstnctor stimuli to the area studied are interrupted 
1)} anesthesia the effect of which on the surface temperature is 
compaied with the similar response of noimal persons We have estab- 
lished the noimal levels foi spinal, general and conduction block anes- 
thesia In an individual case, if anesthesia is accompanied by no elev^a- 
tion of temperature in the cool distal pait of the extremity, occlusion 
without spasm is present, if the skin temperature leaches the normal 
A asodilatation leAel, SAiiipathetic A'^asoconstriction is responsible for the 
ciiculatorA sa mptoms and if the eleA^ation is definite but not to this leA^el, 
both occlusion and spasm participiate The difference betw'’een the 
highest tempeiatuie obtained and the normal vasodilatation level has 
been termed the occlusion index, as it measures the effect of organic 
obstruction to the peiipheral circulation Nerve block anesthesia is 
particular!} useful in this Aasomotoi test on account of its simplicity 
and freedom from discomfoit In doubtful or borderline cases, its 
results should be checked wnth those of spinal or general anesthesia 
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By these methods, valuable mfoimation in regaid to the nature and 
the treatment of Aanous types of vasculai disease m the extiemities is 
obtained In the purely occlusive gioup some compensatory mechanism 
releases the collateral and teiminal vessels from vasoconstiiction when 
the local circulation is seiiously reduced This does not obtain in the 
spastic gioup 

The tieatment for these two gioups should be along radically diftci- 
ent lines The principle of that foi purel}'’ occlusive disease is the 
obtaining of a moie peiipheial distiibution of the i educed amount of 
blood available, while in spastic disease the treatment should be directed 
toward an augmentation of the local ciiculation by overcoming S3''mpa- 
thetic vasoconstnctoi spasm Paiticulaily valuable methods aie 
hypeitheimia, which produces temporary vasodilatation, s)aiipathetic 
ganglionectomy for peimanent effects and mteiiuption of the peripheial 
neives in cases m which ganglionectomy is desiiable but contiamdicated 
by the patient’s condition 



ELECTROCARDIOGRAPHIC STUDIES OF THE 
EFFECT OF ANAPHYLAXIS ON THE 
CARDIAC MECHANISM * 

LEO H CRIEP, MD 

PITTSBURGH 

The pieseiit conception of anaphylaxis indicates that symptoms and 
death occur as the lesult of the mechanical iriitation pioduced on the 
cells of the so-called shock oigan by the interaction of antigen and anti- 
body This shock organ has been shown to differ with various animals 
Thus, in the gumea-pig, it has been found to be the smooth muscle of 
the bronchi and bronchioles A guinea-pig dying in anaphylactic shock 
piesents a definite and chaiacteiistic group of symptoms, the most 
piomment of which is gasping for breath The animal dies with its 
lungs in a state of maximal distention These symptoms are due to a 
closure of the bionchi and bionchioles, so that while an may be taken 
into the lungs because the accessory muscles of respiration are bi ought 
into play, it cannot be foiced out of the lungs The guinea-pig, there- 
fore, dies in acute asphyxia In the rabbit, however, the shock organ 
is the media of the arterioles In cases m which the fatal dose of 
piotem IS given in the vein of the ear of a sensitive labbit, the first 
arterioles to be affected by the inteiaction of this protein (antigen) and 
the antibody are those of the pulmonary system This inteiaction 
brings about irritation with subsequent constriction of these vessels 
followed by obstruction to the flow of blood through them and to 
the lung The resu'i- is obvious lack of aeration of blood and, there- 
foie, asph}xia, damming back of the blood into the right side of the 
heait with subsequent dilatation of that side, and congestive heait 
failure if death is dela 3 ^ed 

While the mechanism of anaphylactic shock in the gumea-pig and in 
the labbit is faiily ■well undei stood, there as but little m the liteiatuie 
with legal d to the series of changes occurring in the heart during 
anaphylaxis, particular^ with leference to the distuibances in the cardiac 
mechanism In 1910, by direct and graphic observations, Auer and 
Lewis ^ show^ed that vaiious disturbances in conduction take place in 

Submitted for publication, Feb 23, 1931 

''From the Departments of Phjsiology and Internal Medicine, the University 
of Pittsburgh 

1 Auer, J , and Lewis, P A Anaphylaxis in the Guinea Pig, J Exper 
Med 12 171, 1910 (Plate IX, figure 5) 
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the guinea-pig during anaphylaxis Konigsfeld and Oppenheiinei “ cai- 
iied this study further and demonstrated practically the same thing with 
the electrocardiogiaph, but they ventured the opinion that most of the 
findings weie due to the asphyxia that anaphylaxis induces m the guinea- 
pig In 1911, Auei," studying the heait of the labbit during anaphy- 
laxis by direct and graphic obseivation, leported the presence of heait 
block In 1913, Auer and Robinson^ undeitook a tlioiough electio- 
caidiogiaphic investigation of the heart of the labbit dining anaphylaxis, 
and they concluded that disturbances in conduction langing fiom slight 
delay to paitial and complete heart block aie rathei constant m this 
condition, suggesting that anaphylaxis may play a idle in cardiac dis- 
tui bailees in man 

The pi-esent study was undertaken to establish electiocaidiographi- 
cally the senes of changes in the heart of the guinea-pig and in that of 
the labbit duiing anaphylaxis, and to deteimine whether the changes aie 
due to a direct and specific influence of the anaphylactic process on the 
myocaidium For this puipose, we shall indicate the results obtained 
by the electiocaidiographic studies of the guinea-pig in acute asphyxia 
and in anaphylaxis, and those obtained in the rabbit in asphyxia and 
anaphylaxis and in a condition artificially simulating that of anaphylaxis, 
namely, the state following clamping of the pulmonary arteiy 

EXPERIMENTAL WORK 

Experiment 1 — A Electrocardiographic Study Follotving Artificial 
Asphyxia m the Guinea-Pig — The following technic was used m the 
expel iment 

For this study guinea-pigs weighing about 350 Gm were used In six animals 
the cardiac changes resulting from artificial asphyxia were demonstrated The 
hair of both fore legs and the left hind leg was cut, and the legs were scrubbed 
well with soap and water and then with a hot saline solution The guinea-pig 
was stretched on an animal board, and an electrocardiogram was taken with 
electrodes leading from the extremities Following light ether anesthesia, the 
trachea was carefully exposed, and another tracing was taken Asphyxia was 
subsequently induced by clamping the trachea In two of the guinea-pigs tracings 
were made with indirect electrodes In the remaining four, the chest was opened 
after the trachea had been clamped, and the nonpolarizable, direct electrodes of 
Noyen were employed One electrode was placed in the region of the right 

2 Konigsfeld, H , and Oppenheimer, E Electrokardiographische Untersuch- 
ungen beim anaphylaktischen Shock des Meerschweinchens, Kim Wchnschr 1 849 
(April 22) 1922 

3 Auer, J Lethal Cardiac Anaphylaxis in the Rabbit, J Exper Med 14 
483, 1911 

4 Auer, J , and Robinson, G Canby An Electrocardiographic Study of the 
Anaphjdactic Rabbit, J Exper Med 18 450, 1913 
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auricle, tlie second in the region of the left auricle and the third touching the 
tip of the left \entncle Tracings were thus taken with both indirect and direct 
electrodes, until cardiac standstill ^\as observed 

The elect! ocardiographic tracings weie practically the same for all 
animals, and therefoie we shall tabulate the findings foi only one The 
tiacings aie from lead II and represent indirect leads unless otheiwise 
indicated The rate was 330 pei minute, and was practically unin- 
fluenced by ethei anesthesia Both auricles and ventricles weie regular 
The P-R interval was 0 05 second The QRS complex was 0 03 
second The waves had the normal configuration and dii ection T was 
postive in lead II (fig 1 A and B) The trachea was clamped with a 
hemostat and thirty seconds later, just as symptoms of asphyxia were 
beginning to appear, the heait rate slowed to 300 per minute The T 
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Fig I — Aj before aucsthesia, the rate was 330, the P-R interval, 0 05 second 
B, during anesthesia, tnc rate i\as 330 C, thirty seconds after the trachea had 
been clamped , the rate v as 300 , the P-R interval, 0 07 second , T, negative D, 
transition from the noimal mechanism (v) , the auricular rate was 300, the 
lentricular rate, 150 £,2 1 block, the auricular rate was 300, the ventricular 
rate, 150, three minutes later F, the tracheal clamp had been released, the 
mechanism is normal 


Mate became mveited in lead II and more pronouncedly so in lead III, 
and the P-R inten^al lengthened somewhat (0 07 second) (fig 1 C) 
The next observed chaiige is seen in figuie 1 D and E, the ventiicular 
rate tvas still slotvei, 150 per minute, while the auiiculai rate was 300 
per minute, the ventiicles responding only to eveiy second auricular 
contraction The P-R inteival was 0 1 second Lead III shows the 
same changes, except that P is shown superimposed on T When the 
tiacheal clamp vas released four and a half minutes after it was applied 
(fig 1 F), the normal mechanism was reestablished, only to give way 
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to 2 1 and later to 3 1 heart block on reapplication of the clamp (fig 
2 A and B) Complete dissociation of auricles and ventiicles, and a 
high T take-off are seen m figiiie 2 C The ventnculai complexes 
beai no i elation to the auricular repi esentati ve The piesence of com- 
plete heart block is better seen in figures 2 D and 3 A These show a 
general tendency to a lowering of the ventnculai late, with an inciease 
111 the QRS interval and a more maiked abnoimahty of this complex, 
showing Its origin to be lowei in the ventiicles Thus, figure 2 D, 
using diiect leads, shows the following The auiiciilai beat was ISO pei 
minute, the ventiicular late, 60 per minute, and the QRS complex, 0 2 
second and bizarre, appearing not unlike that of a block of the right 



Fig 2 — A, the trachea had been clamped again, there was a 2 1 block in one 
minute B, partial 2 1 and 3 1 block, two minutes later, the auricular rate 
was 210, the ventricular rate, 90 C, there was complete heart block in four min- 
utes , high T take-oft D, direct leads , there was complete heart block six minutes 
later, the auricular rate was 180, the ventricular rate, 60, the QRS complex, 02 
second, there was a tendency toward a 3 1 block 

blanch of the bundle Subsequently the rate became much slower, 
so that in figure 3 A the auiicular late was 100 per minute, the ventricular 
late, 20 pel minute, and the QRS interval, 0 32 second Somewhat 
later (fig 3 J3), the amides ceased beating rhythmically, so that they 
showed fibrillation, while there was still evidence of idioventricular 
ihythm, with a fuithei increase m the QRS interval to 048 second 
This was followed by auricular standstill (fig 3 C) 
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B Electi ocai diogj aphic Studies -in Anaphylaxis m the Guinea-Pig — 
The following technic was used 

Guinea-pigs were passively sensitized to egg white by the intraperitoneal 
injection of 0 2 cc of an antiegg rabbit serum of high titer (1 10,000) About 
tuentj-four hours later anaphylactic shock was brought about by the intravenous 
injection of 0 3 cc of 50 per cent whole egg white Electrocardiographic tracings 
were taken before the injection of egg white and during the appearance of ana- 
phi lactic symptoms, with both indirect and direct leads 

Theie ■\\as appaientl}’’ nothing of note about the noiinal curve 
obtained during anesthesia The late was 300 pei minute The P-R 
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Eig 3 A, complete block, direct L, the auricular rate was 100, the ventricu- 
lar rate, 20, the QRS complex, 0 32 second , there w'as an occasional auricular 
extrasi stole B, complete block , auricular fibrillation C, ventricular fibrillation, 
followed bj cardiac asj stole 


mteiial was 0 04 second, and the QRS complex, 0 03 second Arrhy- 
thmia w'as not evident (fig 4 A) Following the injection of egg white 
and the subsequent development of anaphylactic sjmiptoms, ceitam 
progressive changes occurred Thus, as figure 4 B shows, the rate was 
slowed w'lth the subsequent establishment of 2 1 block, so that, while 
the auricular rate w^as 180 per minute, the ventiicular rate was 90 per 
minute This condition of “dropped beats” alternated with normal 
beats, during wdiich the P-R interval was increased to 0 1 second The 
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T ^\ave became mveited (fig 4 C), the geneial tendenc} being to\\ard 
2 1 block with the late still slowei , the ventnciilar rate was about 75 
The rentncles slowed down fuithei, so that they beat about 30 per 
minute and independent of tlie amides, a tendency tow^aid 2 1 and 4 1 
block The T w^ave was negative in all leads , it took off belo\v the line, 
and the R-T mteival ’ivas shoit Complete dissociation of ihythm 



Fig 4 — A, normal, rate, 300 B, anaphylaxis in one minute, 2 1 block, the 
auricular rate was 180, the ventricular rate, 90 C, inverted T, two minutes later, 
the ventricular rate was 75 D, complete block, three minutes later , the auricular 
rate was 90, the ventricular rate, 40 
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Fig 5 — A, complete block, three minutes later, paroxysmal ventricular tachy- 
cardia, 240, the auricular rate was 120, T, negative, -with a low T take-olf B, 
the auricular rate was 60, there were long periods of ventricular asystole C, 
ventricular fibrillation 


follow^ed (fig 4 Zl) This condition became more marked, wath 
evidence of blanch bundle block (the QRS complex was 0 4 second), 
until, fouiteen minutes from the development of the initial symptoms 
of anaphylactic shock, the auricles beat regularly wdiile there were 
a senes of ectopic ventricular beats and complete dissociation of rhythm 
Ventricular fibrillation finally pieceded caidiac standstill (fig 5) 
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Experiment 2 — A Elccf'iocaidiogiaphic Study FoUozving Clamp- 
ing of the Pidmonaiy Aitciy of a Rabbit — The following technic was 
used in the expeiiment 

Electrocardiographic tracings were taken before and during light ether anes- 
thesia in normal rabbits The two fore legs and the left hind leg were cleaned 
of hair and scrubbed with a hot saline solution Tracings were thus taken with 
indirect leads The chest was opened, and artificial respiration was employed 
An attempt was made to duplicate the condition of obstruction in the pulmonary 
circuit seen in anaphjla^^is bj^ clamping off the pulmonary artery Tracings were 
again taken wnth direct leads, the nonpolanzable electrodes of Nojen being used, 
the electrodes w'ere placed over the right auricle, the left auricle and the tip of the 
left ventricle 



Fig 6 — A, normal B, the pulmonary artery was clamped, there was ventricu- 
lar fibrillation C, auricular standstill , the QRS complex was 0 28 second 


The noimal tiacing showed nothing of note Continuous tracings 
tvere taken Almost immediately following clamping of the pulmonary 
aiteiy, the ventricles began to fibrillate (fig 6 5) Space does not permit 
the inclusion of longer strips of these tracings, but they show various 
degrees of disturbed cardiac mechanism ending m auricular and 
ventriculai fibrillation The sequence of these various disturbances in 
mechanism was not always the same This apparently was due to the 
time interval between tracings, or to the condition of the muscle of 
the heart The foregoing anal)rsis does show, however, that clamping the 
pulmonary arter}'’ produces lelatwely sudden and profound changes m 
the cardiac mechanism m the rabbit 
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B Elect) ocmdiogiaphic Studies Follozving Aihficial Asphyxia m the 
Rabbit —AiiihciaX asphyxia was pioduced in several rabbits by clamp- 
ing the tiachea Tiacings were taken with indirect and diiect leads as 

desciibed 

Theie weie no appieciable changes befoie or duiing ethei anesthesia 
The late was 360 and legulai The P-R inteival was 0 06 second, the 
QRS complex, 0 03 second T was positive in lead II (fig 7 A) 
When the tiachea was clamped (fig 7 B), theie was a definite slowing 
of ventiicLilar rale to 120 pei minute, and a tendency towaid nodal 
ihythm However, two minutes latei, and appaiently without any 
explainable cause, noimal mechanism was established (fig 7 C), with 
light ventiiculai piedommance and a definite mciease in the P-R mteival 
to 0 1 second T was still positive m leads I and II Shoitly afteiwaid 
(fig 8 A), theie was a fuithei increase m the P-R inteival to 012 



Fjg 7 — A, normal tracing, rate, 360, P-R interval, 006 second, QRS com- 
plex, 003 second B, the trachea had been clamped, there was nodal rhythm, 
rate, 120 , T, positive C, three leads , normal mechanism (two minutes) , P-R 
interval, 0 12 second , there was a right ventricular predominance 

second, with a sudden change in the chaiacter of the QRS complex, 
two minutes later nodal ihythm was reestablished, only to give way 
(fig 8 C) to an antemoitem type of fibi illation and caidiac standstill 

C Elect) oca) dwgiaphtc Study of A))aphylaxis ))i the Rabbit — ^The 
following technic was used 

In order to study the effect of anaphylactic shock on the heart of the labbit, 
several rabbits were actively sensitized with egg white, the technic suggested by 
Coca and Grove being employed “A primary intravenous injection is made of 
0 5 cc of 50 per cent egg white (first day) , on the sixth day 5 0 cc of whole 
egg white are injected intrapentoneally , on the eleventh day and on the succeed- 
ing seven days 1 0 cc of whole egg white is injected intrapentoneally The animals 
are allowed to rest one week and then receive 4 or 5 cc of undiluted whole egg 
white subcutaneously On the sixth day thereafter serum is obtained from each 
animal and the precipitating titer is determined by layering dilutions of whole egg 
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white o\er the undiluted serum in the conical ring test tubes Rabbits whose 
serum sho^\s a titer of o\er 1 to 5000 or more as a rule are good subjects for 
anaphi lactic shock” This was induced by the intravenous administration of 5 
cc of 50 per cent egg white Tracings were taken before and during shock imme- 
diate!} after the onset of the initial symptoms of anaphylactic shock 

Auriculai fibrillation was seen (fig 9 B) T, became negative, and 
only a few seconds later, 2 1 heart block appeared (fig 9 C) Thirty 



Fig 8 — A, continuous with figure 1 C, delayed conduction B, rate, 120, 
nodal rh}thm, tw'o minutes later C, ventricular fibrillation 



9 — 4, normal, rate, 360, P-R interval, 0 06 second 5, anaphylaxis, 
auricular fibrillation, rate, 180, T., negative C, continuous with figure 1 B, rate, 
110, 2 1 block D, auricular fibrillation, ventricular rate only IS E, delayed 
conduction, rate, 110, QR*^ complex, 006 second, T, negative, P-R interval, 
0 24 second F, auricular standstill for five minutes , ventricular rate, 15, irregular 

seconds latei, the auucles were still fibiillatmg (fig 9 D), but the 
ventricular rate was onl)'- 15 pei minute This condition changed to 
that seen in figuie 9 E, which shows the ventricular rate to be 110 
The P-R intenal tvas 0 24 second, or almost four times longer than 
normal T was inverted in lead II Complete block follow^ed, and. 
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finally, five minutes later (fig 9 F), tlieie vas complete auiicular stand- 
still accompanied by a slovly and nregulaily beating ventiide at the 
1 ate of about 15 per minute 

PATHOLOGIC SECTIONS OF THE HEART AND LUNGS IN 
GUINEA-PIGS AND RABBITS 

Examination of sections of the heart duimg anaphylaxis did not 
show definite pathologic changes Dr Mortimer Cohen, of the depart- 
ment of pathology of the Umveisity of Pittsburgh, fuinished sections 
of the heait and the lungs of guinea-pigs and labbits that died duiing 
anaphylaxis foi study Sections of the heart showed nothing of note 
Sections of the lungs of guinea-pigs showed definite constriction of the 
bionchi and bionchioles with some degree of emphysema Those of 

the lungs of labbits showed a maiked constiiction of the pulmonary ^ 

•« 

ai terioles 

COMMENT 

Fiom an analysis of the electrocaidiograms obtained from the 
aitificially asphyxiated guinea-pig and from the guinea-pig during 
anaphylaxis, it appeals that the profound changes in caidiac mechanism 
are analogous in the two conditions One notes in both a similar and 
definite tram of events ( 1 ) slowing of the i ate with normal mechanism , 
(2) the appeal ance of partial heait block, followed by total block, 
blanch bundle block, occasional nodal rhythm, auricular fibrillation, 
ventiicular fibiillation and parox)'-smal ventiiculai tachycardia, and (3) 
either auricular or ventiiculai asystole, followed by cardiac standstill 
It IS inteiestmg to point out that practically all of the tracings taken 
duimg asphyxia and anaphylaxis showed an mveision of the T wave m 
lead II, with a shoitened R-T interval and the T wave staitmg either 
above or below the line In the labbit, the cardiac changes following 
acute asphyxia, anaph 3 daxis oi clamping of the pulmonary arteiy are 
essentially the same, that is, the picture is that of profound myocaidial 
involvement accompanied by distuibed ihythm, leading finally to caidiac 
death It appears, theiefoie, that the distuibances m the cardiac 
mechanism aie moie oi less similar during anaphylaxis m both the 
guinea-pig and the rabbit, m spite of the fact that the pathologic 
physiology of anaphylaxis diffeis m the two species Although death 
111 the guinea-pig is due to a constriction of the bioiichi and bionchioles 
with inability to expire the an fiom the lungs, while m the rabbit it is 
due to constiiction of the pulmonaiy arteiies and arteiioles with 
damming back of blood into the light side of the heait and circulatory 
failuie, this diffeience in the mode m which anaphylaxis proves fatal 
in the two species beais no influence on the lesulting cardiac dis- 
tuibances as levealed by the electrocai diogi am The cardiac changes 
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in both animals must be due primaiily to interference with the blood 
supply to the heart, that is, myocardial anoxemia, although cerebial 
anoxemia is, no doubt, also a factoi This is shown to he tiue by the 
fact that with lestoration of ventilation noimal mechanism is leestab- 
hshed (fig 1 F) The abnormal mechanism described is theiefore due 
to the factors presented and not to the specific effect of anaphylaxis as 
thought and desciibed by Auer ® 

The myocardium and the conducting mechanism aie affected not 
only by the state of anoxemia referied to, but also by the irritating 
effect of lactic acid and the various katabolites that have been demon- 
strated to exist in asphyxia ® Thus disturbances in ihythm occur long 
before there is any mechanical interference with the circulation 

The exact role played by the vagus neive in producing the cardiac 
changes discussed in this paper is not clear While it has been demon- 
strated expel imentally that stimulation of the vagus nen^e may pioduce 
various foims of airhythmia, the impiession of vaiious workers, notably 
Roaf and Shei nngton,® Shei nngton,® Matbeson and Lewis and 
Matheson,^’^ seems to be that the influence of the vagus nerve is not 
■very impoitant, for its lemoval by ati opine or section does not inteifere 
vith the occurrence of heait block ^ Furthermoie, similar results aie 
obtained in the spinal animal in which the cardioinhibitory center is 
absent 

SUMMARY 

1 Electi ocai diographic changes in the guinea-pig are analogous in 
artificial asphyxia and anaphylaxis 

2 The changes consist of bradycardia, partial and complete block, 
'i'\ersion of the T wave, with a shortened R-T interval and a high T 
take-oft, and auricu'ar and ventricular fibrillation 

3 The changes in the T wave are not unlike those noted in coronary 
occlusion and suggest the possibility that disturbances in the cardiac 
mechanism may be due to myocaidial anoxemia 

5 Auer, J Ueber den plotzlichen anaphylactischen Tod beim Kaninchen, 
Zentralbl f Phvsiol 24 957 (Jan 7) 1910 

6 Kaja and Starling J Physiol 39 346, 1909 Sherrington J Physiol 
38 381, 1909 Fletcher and Hopkins J Physiol 35 247, 1906-1907 

7 Robinson, G Canby Am J Physiol 31 18, 1912-1913 

8 Roaf and Sherrington Quart J Exper Physiol 3 209, 1910 

9 Sherrington J Physiol 38 375, 1909 

10 Alatheson, G C The Cause of Heart Block Occurring During Asphyxia, 
Heart 2 55, 1910-1911 

11 Leuis, Thomas, and Matheson, G C A-V Heart Block as a Result of 
Asphyxia, Heart 3 47, 1910-1911 
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4 The foiegoing conclusions are also true of the labbit dining 
aspb}xia, duiing anaphylaxis and in a condition following clamping of 
the pulmonaiy aiteiy 

5 Microscopic sections of the beaits of guinea-pigs and labbils 
levealed nothing of note as a physical basis for the changes obseived 

6 The vagus neive does not seem to play an important role in the 
pioduction of the distui bailees m mechanism 

7 The functional caidiac changes obseived in the guinea-pig and 
labbit duiing anaphylaxis aie not specifically due to the anaphylactic 
state, but lathei to the state of asphyxia that anaphylaxis induces 

Dr C C Guthrie gave helpful suggestions, and Mr J Lawler gave technical 
assistance in the preparation of some of the material for this paper 

1004 May Building 



SUBACUTE MENINGOCOCCAL ENDOCARDITIS 


NORMAN B GWYN, MD 

TORONTO, CANADA 

Imitating Libman, who prefeis the teim subacute streptococcal 
endocarditis to that of subacute bacterial endocaiditis when speaking 
of the moie chronic viudans type of infection, I have ventured to make 
use of the title presented, in connection with a case of infective endo- 
carditis of long duration This I do the moie readily, first, because 
the classic picture of subacute bacterial endocarditis was so faithfully 
reproduced over a course of many months, secondly, because the 
meningococci were the only organisms isolated in culture from the blood 
and spinal exudate, and, finally, because I had the further good fortune 
in the consideration of this case to be able to submit the history and 
specimens to Dr Libman who, being more familiar with the occasional 
case of subacute bacteiial endocarditis due to organisms othei than 
St) epfococcw; viudans, was able to give me much necessary and useful 
infoimation about these less common forms of infection 

There are doubtless many objections to be urged against the employ- 
ment of a new term, and it is realized that the familiar pictuie of sub- 
acute bacteiial endocarditis has become something which in one’s mind 
is usually associated with infection by E viudans, yet it is to be 
remembeied that Bacillus influenzae. Staphylococcus aweus and the 
gonococcus, are credited with the pioduction of a certain small per- 
centage of those cases labelled subacute bacteiial endocarditis and 
running a more or less typical course, so that it is theiefore probable 
that other organisms will be found capable of giving rise to the same 
set of symptoms and physical signs ’• 

That this IS a possible viewpoint seems to be indicated by the article 
of de la Chappelle," who reported a case presenting all the features of 

- Submitted for publication, Maich 23, 1931 

^ From the service of Dr Duncan Graham, Toronto General Hospital, and 
reported with his permission at the Section of Medicine of the Toronto Academy 
of Medicine 

1 Horder, T J Bacillus Influenzae as a Cause of Endocarditis, Tr Path 
Soc London 57 58, 1906 Libman and Cellar Observations on the Etiology of 
Sub-Acute Infective Endocarditis, Tr A Am Physicians 25 S, 1910 Smith, 
F J The Influenza Bacillus as a Cause of Fatal Endocarditis After Eight 
Years (?), Lancet 1 1201, 1908 Simons, I Critical Review Bacterial Endo- 
carditis, Quart J Aled 7 291, 1913-1914 Libman M Clin North America 
2 117, 1918 Marmorstein, M Contribution a I’etude des aortites grippales. Rev 
de med 28 267, 1918 

2 de la Chappelle Am Heart J 4 732 (Aug ) 1929 
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subacute bacterial endocarditis, yet 5ielding only BuiceUa aboitiis in 
cultures before and after death, he lefeiied also to othei cases ^ of 
endocarditis associated with Butcella infection, cases \\hich, in one 
instance at least, were suggestive to a degree, with then early history of 
rheumatic fever and mitral disease and their subsequent course, of long 
drawn out infection with multiple embolic accidents It is quite evident 
that the authors reporting some of these early cases hesitate to imply that 
Buicclla aboitus can behave like 5" viudans in causing a chionic endo- 
caiditis resembling the subacute bacterial form, de la Chappelle, how- 
evei, does not seem to be so conservative in his ideas, and on leading 
his contribution one is tempted again to suggest that the old rheumatic 
valve lesion may freely invite invaders other than 5 viridans and 
B influenzae, invaders that may adapt themselves to the more chionic 
foim of warfare, repiesented by a prolonged course, embolic accidents, 
enlargement of the spleen, clubbed fingers, pigmentation of the skin and 
an abundant growth of vegetation on the valves Whether or not one 
will find that these invaders piovoke quite the same response in the 
tissues as do the streptococci of the viudans type cannot yet be stated 
Such lesions as the Biacht-Waechter bodies in the heart muscles and the 
peculiar reaction m the kidneys may well be something not produced 
by every form of irritant or infection, and the question may be raised 
whether in these less common types of cases a previous viridans infec- 
tion may not have died out, allowing other organisms to be found 
as late saprophytic invaders of the blood stream This would seem 
unlikely and, m a few instances at least, immunologic reactions in the 
serum have pointed clearly in the other direction Three distinct dis- 
eases, a chronic rheumatic and a subacute vii idans, followed by a third, 
an acute meningococcus infection (as m the case to be reported), and 
all localized on the same heart valve would seem an anomalous con- 
dition indeed 

Endocaiditis of an acute form has long been recognized as a com- 
plication of meningococcus meningitis The reports of Cecil and Soper,** 
and Warfield and Walker are interesting in that they were the first to 
detail acute meningococcus endocarditis occuiring in the absence of men- 
ingitis “meningococcal septicemia with involvement of the heart valves ” 
These cases have been more properly considered as acute bacterial endo- 
carditis, running a couise as they did of twenty-four days and six weeks. 


3 Scott J I\I Sc 175 66, 1928 

Bulletin, 1925, p 143 Marlow, F W 
(Feb 23) 1929 


Evans, A C Hygienic Laboratory 
Meningococcemia J A M A 92 619 


4 Cecil R L and Soper, W B Meningococcus Endocarditis, with Septice- 
mia, Arch Int IMed 8 1 (July) 1911 

5 Warfield and Walker Bull Ayer Cl.n Lab , Pennsylvania HospUal, 1903, 
no 1, p SI 
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lespectivel} , the same could be said of the case leported by Drought 
and Kennedy*' and of most of the lecoided instances of meningococcus 
endocaiditis Wiight and j\Iackeiwell/ however, desciibed an endo- 
caiditis of sixteen weeks’ duiation in which they found meningococci 
m the vegetations on the mitral valve, this case might well be called, 
111 point of time at least, subacute bacteiial endocarditis, while Mac- 
klahon and Burkhardt ® stated that m their case of meningococcus endo- 
carditis the appeal ance of the patient was such that the diagnosis of 
subacute bacteiial endocaiditis was suggested, although the course of the 
infection and the Janeway spots weie more in keeping with the acute 
foim of the disease In Moigan’s® two patients with meningococcal 
septicemia, both of whom recovered after an illness of three and four 
months, the histoi}- and physical findings were strangely suggestive of 
the subacute form of bacteiial infection of the heait valves, with the 
observations on the blood, the prolonged fevei and the crops of nodes 
It IS possible, as Henick suggested, that many of the curious examples 
of chionic meningococcal blood stream infections which have gone 
on to cuie have been subacute or chronic cases of meningococcus endo- 
carditis which have become spontaneously bacteria-free, in general, how- 
ever, the picture of a subacute bacterial endocarditis has not often been 
simulated b}- a meningococcal infection, and the history here given may 
theiefore be of mteiest 

REPORT or A CASE 

Mrs H , aged 37, had been attending the outpatient department for eight 
months, complaining of headache and pain in the chest The diagnosis of sub- 
acute bacterial endocarditis had been made as a result of finding fever, a large 
heart, a loud s 3 'stolic murmur in the mitral area and a diastolic murmur in the 
aortic area, together with the facts that the spleen and liver were both 
enlarged, that the fingers were clubbed and that the skin had the cafe-au-lait color 
so often spoken of as being present in this disease It had also been noted that from 
time to time small petechiae had appeared m the skin and that there had been pres- 
ent albuminuria vith casts and red blood cells on microscopic examination The 
patient had been under constant observation and on three occasions had been 
found unconscious There had been no determination, however, of the cause 
ol the unconsciousness A few daj'^s before her admission to the hospital, head- 
ache had become quite severe and signs of meningitis developed, she complained 
of pain m her joints and it was noted that again there was a crop of petechiae 
There were at this time seieral tender spots on her fingers which suggested Osier 

6 Drought and Kennedv Cerebral Spinal Fe\er, London, A & C Black 

1919 

7 Wright and Mackerwell J Roy Army M Corps 25 353, 1915 

8 klacklahon and Burkhardt Am J Path 5 197 (May) 1929 

9 Morgan Bull Johns Hopkins Hosp 32 245 (Aug) 1921 

10 Herrick, W W Extramemngeal Meningococcus Infections, Arch Int 
Med 23 409 (April) 1919 

11 Cerebral embolism was suspected 
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nodes She ^^as in the \sard for two weeks, during wh eh time two blood cultures 
were positne for meningococci and lumbar puncture brought awa> cloud\ fluid 
from w'hich meningococci w’cre cultivated on four different occasions It was 
interesting to note that in spite of the general infection the white blood count 
remained low', ranging between 6,000 and 12,000 The petechial eruption w'as 
profuse, albumin was present in large amounts and, as in previous examinations, 
there were numerous casts and blood cells in the urine There w'as increased 
intracerebral pressure as was indicated bj the distinct edema of the optic disks , 
she remained, how'ever, clear up to within two days of her death, and presented 
at all times a picture more in keeping with the vaidans subacute form of bacterial 
endocarditis, so that I was surprised to a degree to find that I W'as dealing wuth 
an infection due to the meningococcus Whether this was the organism that had 
initiated the illness eight months previously might, according to the arguments 
already made use of, be a matter for debate Dr Libman, however, seemed 
w'llling to accept the evidence as presented, and certainly the course of the disease 
and the postmortem findings conform to what one had been used to consider as 
making up the picture of subacute bacterial endocarditis 

Autopsy, performed a few hours after death, demonstrated that there w'as, 
as expected, a diffuse meningo-encephalitis affecting the brain and spinal cord 
From the exudate, produced by the inflammation, meningococci were easily 
cultivated The spleen w'as large, weighed 360 Gm and show'ed several infarcts 
The liver was enlarged and both kidneys were large, both kidneys show'ed a pale 
red cortex , the glomeruli were prominent and there were fresh and old infarcts in 
both organs, the right kidney weighed 170 Gm , the left, 195 Gm There w'as 
nothing striking in the other organs save the evidence of a terminal lobular 
pneumonia m both lungs 

The heart, of course, was the organ in which I was most interested and I w'as 
fortunate in getting a water color reproduction at the time of the autopsy (see 
figure) The picture reproduced therefrom shows the moderate degree of enlarge- 
ment of the left ventricle and the dilated left auricle, together with the thickening 
of the mitral valve and the shortening and retraction of the chordae tendineae, so 
indicative of an earlier rheumatic infection At one point of the mitral valve 
marked destructive ulceration is present, and the granulations characteristic of the 
endocarditis are w'ell depicted The aortic valve was clear Nothing grew in 
cultures from the vegetations on the valves 

Sections w'ere made of the mitral valve and of the heart muscle and w'ere 
reported on as follow's “The section shows about 1 cm of the valve curtain 
including its free edge There is a marked nodular thickening present W'hich 
iinohes the distal 8 mm of the cusp and rises abruptly to a maximum height 
of 6 mm from the outer surface The apex of this nodule bears a crater-like 
area of ulceration measuring 4 mm at its mouth and 3 mm in depth The dis- 
rupted surface is overlaid with a ragged incrustation of thrombotic material rich 
in polymorphonuclear leucocytes and containing many blue staining clumps of 
bacteria, the morphology' of w'hich could not be accurately made out The vege- 
tation is composed largely of fibrous tissue At the base this tissue is of Ihe 
mature \ariety rich in collagen and having scanty slit-Uke nuclei, while around 
the ulcerated area the growdh is more cellular and resembles granulation tissue 
Betw een these tw'o extremes is a w ide area of oedematous connective tissue which 
contains man y blood \essels engorged with erythrocytes The inflammatory 

12 Pathologic and bactenologic records are from the service of Professor 
Klotz 
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reaction present in and around the ulcerated area has infiltrated widely the inter- 
stices of the surrounding fibrous tissue Deep to the area of ulceration interrupted 
masses of pol} morphonuclear neutrophiles extend right through to the septal 
surface of the cusp where the endothelium is disrupted for a short distance 
There is unmistakable evidence here of healed lesions which preceded the angry 
looking acute ulcerative process now present 

“Section of the myocardium shows the presence of an acute inflammation 
characterized by the presence of a few polymorphonuclear cells between the muscle 
bundles, and oedema of the interstitial tissue There is also some scarring along 
the vascular channels indicative of a chronic myocarditis ^ This moderate peri- 
vascular sclerosis is diffuse and in many instances is nodular The picture is very 
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suggestne of rheumatic infection but no Aschoff bodies can be seen Professor 
Klotz uas of the opinion that the old condition was probably rheumatic though 
unable to make a positn e diagnosis ” 

As stated, both kidneys were large and pale, with a reddened cortex The 
glomeruli were prominent and there were many small infarcts in evidence 
The kidne}-^ sections seemed to show that an acute nephrosis had been engrafted 
on an acute interstitial and acute diffuse glomerulonephritis The report as 
received from the Pathological Department of the Toronto General Hospital 
reads as follows “Many acute foci of inflammation were present in the mter- 

13 The report on the valve sections and heart muscle was made by Dr Klotz 
and Dr T H Belt 
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slitial tissue and there was a diffuse involvement of the glomeruli In addition 
a well marked degenerative process was present in the tubular epithelium The 
whole picture evidenced an acute lesion, there being no fibrous change The focal 
mflaminatorv lesions were perivascular, located m close relationship to both large 
and small vessels There were more and larger infiltrations in the subcortical 
regions, w'here the arterial supply divides, than m either cortex or medulla The 
polymorphonuclear leucocyte was the chief cell taking part in the reaction 
T he focal lesions were confined almost entirely to the interstitial tissue but occa- 
sionally they invaded tubules giving rise to small cellular casts within the denuded 
lumma Not infrequently the inflammation was seen m intimate relationship to 
the afferent arterioles of the glomeruli and m such instances the adjacent group 
of tubules were often completely hyalmized and necrotic The glomeruli w'ere 
large and uniform m appearance The capsular spaces w^ere dilated but, for the 
most part, free from wandering cells The glomerular tufts w'ere swollen and 
presented a striking cellular increase, not only did they contain a number of 
leucocytes but the clothing endothelium had undergone a proliferative change 
The loops were devoid of blood Bowman’s capsules were not thickened but occa- 
sionally showed some exfoliation There was no fibrous proliferation anywhere 
to indicate a subacute or chronic process Diagnosis (1) acute diffuse glomerulo- 
nephritis, (2) acute interstitial nephritis (focal), (3) acute nephrosis” 

In a personal communication, Dr W. L Robinson said that this 
kidney pictme is not incompatible with the diagnosis of suhacute 
bacterial endocai ditis 


COMMENT 

In the foiegoing lepoit, theie is little deviation from the classic 
picture of subacute bacteiial endocarditis We have suggested that the 
possibility of an eailier viridans infection of the valves be considered 
111 the final summing up, an infection which may have died down only to 
be supplanted by one due to the meningococcus It must be remembered, 
however, that the histoiy given was one of a continuous febiile illness 
of eight months’ duration A deteimmation as to the time at which one 
infection might have ceased and another begun is therefore impossible 
If twm distinct infections had been m existence, one must reckon with 
the fact that at no time did they produce a different set of symptoms 
Meningitis may be the terminal accident m a case of chronic vmdans 
endocarditis, as has been pointed out by Smith and Brumfield In 
the case repotted by these writers, the meningitis was apparently due 
to an infection by vmdans In the present case, I had the feeling 
that 6 " vmdans would be found as the infecting agent in the meningitis 
which finally developed One point of interest must be touched on 
From the beginning to the end of this patient’s illness, there was a 
constant appearance of the Osier nodes rather than the Janeivay spots 
This must always be held to suggest the subacute and chronic infection 
as opposed to the more acute type 


14 Smith and Brumfield Am Heart J 2 446 (April) 1927 
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It IS now recognized that infection by the meningococci may assume 
a very chronic form, the possibility that those chionic septicemias may 
mean that the meningococci have lodged on a heart valve must always 
be thought of Many of these chronic meningococcal septicemias have 
gone on to cure without showing signs of involvement of either brain 
or endocardium, and after months of positive blood cultures Tiie 
disappearance of organisms from the blood stream may indicate the 
spontaneous cuie of an endocarditis, such as is occasionally recorded 
m cases of subacute bacterial endocarditis due to •viridans infection 
Such recoveries seem to occur with considerable frequency in the course 
of these meningococcal septicemias, and it would appear that if the 
brain and spinal cord are not attacked, lecoveiy may follow even with- 
out antimeningococcus serum 

It IS not necessary at this moment to discuss these chronic meningo- 
coccal septicemias A laige literature is growing up on the subject 
Among many articles to be ref ei red to are those by Bloedorn,^® Weich- 
selbaum and Ghon,^® Rhoads,’-^ Bray,’^® Montgomery,^® Bourdelles,®” 
Dock,®^ Finlay and Rhea,”® Hay and Huyck,®” Andrewes,®* Cabot ®® 
and Vesell and Barsky Hernck’s suggestion that these chronic 
septicemias may represent an endocarditis has been referred to The 
description of Morgan’s cases leads one inevitably to suggest that an 
endocarditis was present His descriptions aie those of cases of sub- 
acute bacterial endocarditis as one is used to seeing them It is possible 
that in the present case, recovery might have ensued if the biam and 
spinal cord had not been attacked 

15 Bloedorn Am J M Sc 162 881, 1921 

16 Weicliselbaum and Ghon Wien klin Wchnschr , 1905, p 24 

17 Rhoads Am T Path 3 623, 1927 

18 Bray, H A Chronic Meningococcus Septicemia Associated with Pul- 
monary Tuberculosis, '\rch Int Med 16 487 (Sept) 1915 

19 Montgomery Canad M A J 20 266 (March) 1929 

20 Bourdelles Presse med 36 660, 1925 

21 Dock, W Intermittent Fever of Seven Months’ Duration Due to 
Alemngococcemia, J M A 83 31 (July 5) 1924 

22 Finlaj and Rhea Tr A Am Physicians, 1912, p 381 

23 Hav and Hm ck Canad M A J 19 695 (Dec ) 1928 

24 Andrew es F M Lancet 1 1172 (April 28) 1906 

25 Cabot, Richard New^ England J Med 201 139 (July 18) 1929 

26 Vesell and Barskj^ Am T M Sc 179 589 (klay) 1930 

27 Since the wanting of this article, there has appeared the report by Master, 
of New York, on “^Memngococcemia with Endocarditis” (JAMA 96 164 
[Jan 17] 1931) Three cases w'ere reported in which the prolonged temperature, 
embolic accidents and cardiac signs suggested endocarditis In all three cases 
meningococci w'ere cultivated from the blood, antimeningococcus serum was used 
and reco\er 3 ’ took place 
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SUMMARY 

1 A case is lepoited that foi eight months showed symptoms and 
physical signs which one is accustomed to associate with infection of the 
heart vahes by SU cptococcus viudans — subacute bacterial endocaiditis 

2 Blood cultuies in the last two weeks of the illness were positive 
for meningococci 

3 Death took place as a lesult of invasion of the biain and spinal 
cold by the meningococci 

4 The obseivations at autopsy agree closely with those desciibed 
as occurimg in association with subacute bacterial endocarditis Menin- 
gococci wei e recovered at autopsy f i om the meninges only The lesions 
in the heait and kidney as described were apparently m accordance with 
those obseivations recorded at autopsy in cases of subacute bacterial 
endocaiditis 



EFFECTS OF EXERCISE ON EXPERIMENTAL 
CARDIAC INFARCTION- 

DON C SUTTON, MD 

AND 

MILTON D DAVIS, MD 

CHICAGO 

Although extensive experimental studies have been made of the 
eftects of ligation of the coionary arteries, appaiently no review of 
the eftects of exeicise following experimental caidiac infarction has 
been made 

Knowdedge of the eftects of exercise at varying inteivals aftei 
ligation should give information that could be transferred to the treat- 
ment of human beings Accordingly a series of experimentally pro- 
duced infarcts in dogs was studied as to the effects of regulated exercise 

Kolster observed dogs living seventeen months after ligation of 
the ramus descendens anterior Millei and Matthews - kept dogs alive 
for ninety days aftei ligation of the left coionaiy aitery Both described 
infaicts, and Miller and Matthews^ observed marked thinning of the 
ventricular musculature near the apex 

Smith “ obseived the electrocai diographic changes following ligation 
of the lamus descendens anterioi m dogs living up to sixty-three days 
He is the first author to mention the effects of exercise, but gives no 
accurate data as to the amount oi duiation of the exercise 

In clinical hteiatuie leference is frequently made to the coincidence 
of hypeitiophy in the piesence of an occlusion of the coionaiy artery 
or ot caidiac mfar'^tion Experimentally, StewaiL^ obseived cardiac 
hypertiophy after pioducing injury of the heart muscle by the injection 
of epinephiine hj drochloi ide MacCallum ® stated that sufficient expeii- 
mental evidence is lacking on this point because of many other factors 
involved that may also cause hypertrophy Eyster ® believed that “the 

Submitted for publication, March 23, 1931 

From the Department of Ph>siology and Pharmacology, Northwestern 
University Medical School 

1 Kolster Skandinav Arch f Physiol 4 1, 1893 cited by Porter 

2 Miller, J L and Matthews, S A Effect on the Heart of Experimental 
Obstruction of the Left Coronarv Artery, Arch Int Med » 476 (June) 1909 

3 Smith, F kl Ligation of Coronary Arteries, Arch Int Med 22 8 (July) 

1918 

4 Stewart, H J J Chn Investigation 3 475, 1927 

5 MacCallum, W G Textbook of Pathology, ed 4, Philadelphia, W B 
Saunders Company 

6 Ejster, J A E Tr A Am Physicians 42 13, 1927 
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question of physiological hypeitiophy fiom simple cardiac stimulation 
or increased caidiac work due to musculai exercise is still an open 
one,” and added that much of the experimental woik is contradictory 
It has been shown recently by Heiimann and Musser ^ that aftei the 
production of experimental peiicarditis with adhesions, some hyper- 
trophy always resulted If these adhesions were relieved by a second 
opeiation, little hypertrophy occuried 

METHODS 

In this study five dogs were used, each of which was trained to run on a 
motor-driven treadmill at a constant speed of a little over 3 miles an hour at an 
incline of IS degrees The training period extended over at least five days, and 
the time of each run was gradually increased until the dog was able to run for 
from thirty to sixty minutes with little or no signs of fatigue Throughout this 
work a protocol of each run was recorded These dogs were prepared according 
to the method described by Sutton and King ^ 

The operation was done aseptically, ether anesthesia and artificial respiration 
being used An incision was made in the third left intercostal space, and the 
fibers of the pectoralis major muscle were separated with minimum injury The 
pericardium was incised, and the ramus descendens anterior was ligated, usually 
from 1 to 2 cm from its origin X-ray photographs were taken before and again 
immediately after the operation The x-ray technic and that of measuring the 
films was the same as that followed by Eyster “ Exposures of less than a second 
were taken at the end of inspiration, with a distance of 1 meter from the target 
to the film The diastolic size of the heart as recorded on the x-ray plates was 
measured with the planiraeter 

Exercise was started on the treadmill from two to six days after the ligation 
The frequency of the exercise and the amount were increased in each succeeding 
dog as it was learned how much work the animal could endure Any cardiac 
changes were followed by x-ray photographs, and the animals were weighed at 
frequent intervals 

RESULTS 

After ligation in dog 2 (table 1), a six day lest peiiod was allowed 
before exercise was staited The first inn was foi fifty minutes, and 
no signs of fatigue appealed Thereafter exeicise was given for fiom 
fifty to sixty minutes every fouith day for foity-foui days This 
animal was killed and an autopsy pei formed on it on the seventieth 
postoperative day There weie fibious adhesions ovei the antenoi sur- 
face of the left ventricle, and all that remained of the infarcted area 
was a small puckered area of fibrosis at the apex The wall at this 
point was not thinner than noimal 

Three animals were given exercise on the third postoperative day 
The first (dog 4, table 2) had run ten minutes on the first day of 
exeicise when fatigue and weakness made further exercise impossible 

7 Herrmann, G , and Musser, J H Am Heart J 4 268, 1929 
io 9 Q^ D C, and King, W W Proc Soc Exper Biol & Med 25 842, 
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As the da}s passed, more and moie exercise was possible, so that within 
nine da}s this dog could lun for sixty minutes with relatively little 
tatigue The exercise period was fixed at one hour, and experiments 
weie conducted every second or thud day for three weeks, during which 
time no discomfort was noticed On the ninety-eighth day this dog was 


T ABLE 1 — Dog 2 



Diastolic Area 







of Heart m 


Running 





X Ray Plate, 

Pulse 

Period, 


Weight, 


Time o£ Examination 

Sq Cm 

Rate 

Min 

Patigue 

Kg 

Comment 

Before operation 

73 3 

96 

50 

+ 

16 0 


After operation 

63 0 






22 days 

691 

72 

50 

+ 

13 0 


27 days 

6S5 

80 

55 

+ + 



31 days 

64 7 

100 

60 

+ 

13 6 


44 days 

6S1 

112 

60 

+ 



53 das s 

73 5 

108 



12 7 


G5 days 

70 6 

76 



13 8 


70 days 

70 0 

112 



13 7 

Killed, autopsy 







performed 

Percontage of ehange 

— 5% 




-15% 




Table 2 

— Dog 4 




Diastolic Area 






of Heart in 


Eunning 




X Raj Plate, 

Pulse 

Period, 


Weight, 

Time of Examination 

Sq Cm 

Rate 

Mm 

Patigue 

Kg Comment 

Before operation 

65 6 

96 

30 

+ 

16 8 

After operation 

55 8 

124 




3 days 

63 7 


10 

+ + 


4 days 

65 4 

134 

8 

+++ 


5 days 

61 5 

124 

30 

+ + 

13 0 

7 days 



28 

-r + 


9 dejs 



60 

+ 


13 d iv“ 



50 

+ 


14 davs 



45 

+ -^ 


13 days 



55 

+ 


20 dajs 



50 

+ 

11 6 

-4 daa = 



60 



oO da\ s 



55 


10 0 

33 daas 

44 dajs 

59 0 

76 

65 

+ 


4S days 



60 

+ + 

10 0 

o3 dajs 

59 9 

SO 


10 5 

63 davs 

65 days 

619 

96 



10 0 

70 davs 

SO davs 

62 5 

60 

+ 

11 6 

92 

01 dai s 




13 0 

97 davs 

54 4 

104 



12 0 

9S da\E 





Killed, autopsy 

Percentage of change 

-lo% 




performed 

-29% 


saciificed, and autop«A showed extensive noninfectious pericardial adhe- 
sions extending fiom the site of the ligation to the apex The apex was 
tlnn (from 2 to 3 mm ) in thickness and was replaced by a fibrous tissue 
scar, which was cleaily demarcated on the endocardium This scar 
included the base of the posterior papillary muscle and extended to the 
base of the anterior papillary muscle 
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The second dog (dog 6, table 3) m this group lan sixty minutes on 
the third day and every two oi three days thereafter for three weeks, 
with no signs of distiess Beginning on the two bundled twenty second 
postopeiative day, rigoious exeicise (fiom seventy to ninety minutes) 
was again resumed daily for two weeks At no time was there any 
evidence of fatigue oi other cardiac symptoms Thioughout this period 
the weight and the general condition had been practically constant, but 
aftei the thiee bundled second day the animal lapidly lost weight, 
lefused food and died m the cage on the thiee hundied nineteenth day 
Firm adhesions ovei the entiie distiibution of the ramus descendens 
anteiior were found at autopsy Near the apex anteiioily the ventiicular 
muscle was leplaced by markedly thinned fibrous tissue (3 by 4 cm 


Table 3 — Dog 6 



Diastolic Area 






of Heart in 


Running 




X Ray Plate, 

Pulse 

Period, 


Weight, 

Time of Examination 

Sq Cm 

Rate 

Min 

Fatigue 

Kg 

Before operation 

54 6 

84 

50 

+ 

10 6 

After operation 

# 





3 days 

55 0 

108 

60 



12 days 

530 

76 

60 

+ 


17 days 

52 0 

108 

65 

+ 

97 

SOdajs 

54 8 

116 




39 days 

56 2 

84 




52 dajs 

54 7 

SO 




67 days 

55 4 

96 



110 

78 days 

55 6 

116 



12 7 

84 days 

53 6 

112 



11 7 

96 days 

52 9 

lOS 



10 6 

109 days 

47 0 

no 



10 0 

222 days 

52 0 

108 

90 

+ 

97 

286 days 

461 

lOS 

00 

+ 


259 days 

47 4 

124 



90 

311 days 

43 8 

126 



70 

Percentage of change 

-20% 




-34% 


♦No film taken 


m thickness), foiming a well defined scar Theie was no suggestion 
of an aneuiysm fiom the outside, nor fiom the x-ray pictures, but on 
section this thinned area showed a well defined aneuiysmal sac The 
lamus descendens anterioi was completely obliterated in a mass of 
adhesions at the site of the ligation One x-iay pictuie of this dog 
(see figure) showed bulging at the apex, which was mterpieted as an 
aneuiysmal bulging 

In the thud gioup of two dogs, exeicise on the tieadmill was 
staited on the second day following the operation and continued for 
forty-five and fifty minutes, respectively These dogs ran almost daily 
for periods of from foity-five to seventy minutes for the first three 
weeks On the eighth day one dog had a seveie attack, giving every 
indication of undergoing extieme pam Exeicise on the following day 
again caused a similai attack, but this condition could not be produced 
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again This animal died in the cage on the hundred thirty-fifth day, 
and extensive adhesions weie found over the anterior surface of the 
heart There v^^as a clearly defined area of fibrosis demonstrable in the 
endocai dium near the apex, including a part of the base of the posterior 
papillary muscle and some of the anterioi papillary muscle This area 
vas 25 mm in vudth by 30 mm m length and from 1 to 2 mm in 
thickness Although no bulging was noticed in the intact heart, on 
sectioning there was a definite outpouching of the endocardium The 
second dog m this group died after the thirtieth day, unfortunately, no 
autopsy was done 



X-ray picture of dog 6 showing thinning and bulging of the apex 


COMMENT 

The amount of work that the average laboiatoiy dog can perform 
until exhausted on the treadmill is variable Pievious training and 
psychic factors piobably play an important role From thirty to sixty 
minutes of running on our treadmill never appeared to cause any appre- 
ciable fatigue in the dogs in this series Subsequent work has shown 
that a 1101 mal dog can luii the entire afternoon with only a five minute 
rest peiiod pei hour 

The estimation of fatigue is purely an arbitral y matter The ease 
with which the animal exercised befoie operation was compared with 
the postoperative runs The dog having the six days’ lest (dog 2) was 
not exercised seveiely as to the length of the runs or as to their 
frequenc} 

The extensive anastomosis of the superficial coronary arteries can be 
seen quite easil}^ just under the epicardium of the left venrticle Miller 


SUTTON-DAVIS—EXERCISE AND CARDIAC INFARCTION 1123 


and Matthews,- Kai snei and Dwyer ° and others have pointed out that 
because of this extensive anastomosis the scar lesulting from ligation 
IS much smaller than tlie area supplied by the ligated artery Our find- 
ings are in agreement with this statement, the myocardial scar varying 
greatly as to size even though all the ligations were approximately at 
the same level We wish to emphasize the consistent occurrence of 
anastomosing vessels on the left ventricle between the descending 
blanches of the circumflex and the lateral twigs from the ramus 
descendens anterior Thus it is often necessary to ligate one of these 
anastomosing vessels also m older to obtain a good-sized scar This 
extensive anastomosis prevents the foimation of a large scar and makes 
possible a better functional recovei)^ following ligation 

It is fiequently stated that exercise inci eases the woik of the heart, 
and that this leads to hypertrophy The hteratuie contains considerable 
evidence supporting the theory of work hypertrophy and some evidence 
denying it Oui observations show that the body weight and adhesive 


Table 4 — Relation of Caidiac Atea and Body Weight m This Sciies of Dogs 



Change m 

Change in 


Dog 

Cardiac Area 

Body Weight 

Bays laved 

2 

5% decrease 

16% decrease 

70 

4 

15% decrease 

29% decrease 

98 

0 

20% decrease 

34% decrease 

319 

12 

1% increase 

7% decrease 

23 

13 

9% increase 

3% decrease 

135 


pericarditis are two factois of piinie impoitance, which must be con- 
trolled before any conclusions can be drawn conceining the occurrence 
of caidiac hypertiophy following the ligation of the lamus descendens 
anterior 

Table 4 shows that in two cases the mciease in caidiac area was 
slight Stewart^® and Eyster “ stated that a variation of more than 
10 per cent must occur before one should conclude that there is any 
real change m the size of the heait The three remaining dogs showed 
a decrease in cardiac area each of which was accompanied by a distinct 
fall in body weight Simonds and Biandes^- recently found that in 
starvation the heart loses weight in about the same proportion as the 
body as a whole If we assume from this that there may also be a 
decrease m the cardiac area, we have evidence in three cases at least 
that theie is a similar decrease in cardiac area with a loss m body weight 

9 Karsner, H T , and Dwyer, J E J M Research 34 21, 1916 

10 Stewart, H J J Clin Investigation 7 339, 1929 

11 Eyster, J A E , Meek, W J , and Hodges, F J Cardiac Changes 
Subsequent to Experimental Aortic Lesions, Arch Int Med 39 536 (April) 1927 

12 Simonds, J P , and Brandes, W W Effect of Experimental Hyperthy- 
roidism and of Inanition on Heart, Liver and Kidneys, Arch Path 9 445 (Feb ) 
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In this senes there was no maiked enlaigement of the pathologic 
heart resulting from exercise (table 4 ) At the beginning of this work 
It was thought that the formation of a large scar in the myocardium 
pel se might result m cardiac hypertrophy because of the extra load 
thrown on the remaining healthy cardiac tissue Regardless of this 
and the additional work to which these hearts were subjected by exer- 
cising, the results do not appear to favor this point of view It is 
evident that the body weight must be kept constant throughout the 
experiment before one can conclude that there is any change in cardiac 
area due to hypertrophy as determined from the x-ray photograph 
Adhesive pericarditis was a constant finding at autopsy, and this has 
been presumed to be a causative factor in producing cardiac hyper- 
trophy Thus, there are tv^o factors, exercise and adhesions, which 
may play a role in producing hypertrophy, while the loss of body 


Table S — Changes in Caidiac Aica m Dogs Dm mg Ethei Anesthesia 





Oardia Area, 


Decrease, 
per Cent 

Dog 

Time 


Sq Cm 

Pulse Rate 

E-1 

1 45 

Normal 

52 9 

92 



2 00 

started ether 





2 30 

During ether 

461 

120 



2 40 

Stopped ether 





2 50 

X ray 

45 8 

128 

14 


4 10 

Xray 

50 0 

100 



48 br later 

X ray 

56 0 

96 


E-2 


Normal 

49 2 

120 

15 



After 

41 9 

144 



weight, on the other hand, may cause an actual decrease in the size of 
the heart 

E^Cit of Ethel and Opeiations on Size of Heart — It was noted 
that sereial times there was a decrease in the cardiac area immediately 
following the operation Stewart^® advanced several explanations to 
account for this, among which tachycardia, reflex and direct stimulation 
ot the heart, increase in the vascular bed and diminution of the blood 
\olume are to be considered The role that ether as an anesthetic plays 
in causing the aforementioned mechanism was investigated by anes- 
thetizing two 1101 mal dogs and following the changes in the cardiac area 
It IS questionable whether we can attribute any postoperative change 
111 cardiac area to handling or ligating the coionary arteries themselves 

SUMMARY 

A rest period of six days after infarction resulted in a small, well 
conti acted scar without thinning of the ventricular wall in one dog 
In the remainder, exercise, within three days after operation, resulted 
in thin scars with aneurysmal bulging 
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Although there is some variation m the x-iay silhouette fiom time to 
time, it IS noted that the final aveiage shows no evidence of hypei- 
trophy or of dilatation 

Adhesive pencaiditis did not cause hypertrophy 
Ether alone appaiently causes a deciease in the caidiac area for 
seveial horns 

CONCI USIONS 

Apparently lest after myocardial mfaiction results m the production 
of a small, firm scar, while eaily exeicise lesults m a thin, bulging 
scar The hope was entertained of pioving this moie definitely as a 
clinical fact, but evidently the leseive of a normal young dog’s heait 
IS infinitely greater than that of an arteriosclerotic heart 
Myocaidial infarction per se does not cause hypertrophy 
Dr A C Iv}’- gave assistance and encouragement in this work 



PRIMARY CARCINOMA OF THE LUNGS 

PATHOGNOMONIC SIGNS IN THE DIAGNOSIS ' 

JACOB POLEVSKI, MD 

NEWARK, N J 

The diagnosis of carcinoma of the lungs still constitutes to the 
practicing physician a baffling situation with which he is inadequately 
prepared to grapple The general practitioner must have, if he is to suc- 
ceed diagnostically, some definite signs or a definitely pathognomonic 
s}mptom complex to go by in meningitis, the headache, the Kernig 
sign and the rigidity of the neck, in pneumonia, the respiratory grunt 
and the peculiar disturbance in the pulse respiration ratio, in typhoid, 
the leukopenia, the lose spots and the slow pulse One can enumeiate 
evei so man}' other conditions that have become diagnosable by the gen- 
eral piactitioner because of the definite pathognomonic signs that they 
ofier 

To these diagnosable conditions more and moie disease entities are 
added as more and more pathognomonic signs and symptoms aie 
elicited as time goes on To the many conditions that as yet ofiter to 
the practitioner nothing fairly pathognomonic belongs caicinoma of the 
lungs I have gatheied this impression from my personal experience 
as well as from a careful peiusal of the hteiature on the subject 

In 1904, Sehit^ compiled from the literature 210 cases, of which 
only 6 were diagnosed dm mg life In 1923, Wells ^ found m Cook 
County Hospital 11 cases of piimary carcinoma of the lungs with only 
one correct diagnosis In 1925, Kilkuth® found that at the Eppendoif 
Hospital m Hambuig only 34 per cent of 246 cases weie diagnosed 
during life As late at 1927, Fried ^ had the following to say 

In primary carcinoma of the lungs signs are amazingly scant as compared with 
the amount of tissue in\ol\ed and the grave character of the lesion Again often 
the\ are ambiguous Indeed, there is not a single symptom or a group of 

^ Submitted for publication, March 9, 1931 

'From the Department of Medicine of the Newark Beth Israel Hospital 

1 Sehrt Beitrag zur Kenntnis der pnmaren Lungencarcinom, Inaugural 
Dissertation, Leipzig, 1904 

2 Wells, H G Re‘aiion of Clinical Diagnosis of Cancer and Value of 
Existing Cancer Statistics to Necropsy, J A M A 80 737 (March 17) 1923, 
Cancer Statistics as They Appear to Pathologists, ibid 88 399 (Feb 5) and 476 
(Feb 12) 1927 

3 Kilkuth, W Ueber Lungencarcinoma, Virchows Arch f path Anat 
225 107, 1925 

4 Fried, B M Primarj Carcinoma of the Lungs, Arch Int Med 40 340 
(Sept) 1927 
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symptoms which is not common to tuberculosis as well as to cancer, or other 
chronic pulmonary conditions In brief, it appears that there is no clinical 

signs which taken alone, would make the diagnosis of a primary neoplasm in the 
lung certain 

The rate of incidence of pi unary caicinoma of the lungs is on the 
increase, which accoiding to the consensus, is actual and not merely 
due to the gieatei frequency in the diagnosis This fact is borne out 
by the autopsy observations of many eminent pathologists both here and 
abroad So little definite is as yet known concerning the possible cause 
of the mciease that it is futile to go into the vaiious theories advanced 

According to Kilkuth,^ whose necropsy material extended over a 
period of thirt)'--five years (1889-1923), primai} carcinoma of the lungs 
lepresented 9 5 per cent of all the cases of carcinoma m the pathologic 
institute of the Hambuig Eppendoif Hospital In 1923, the number 
of cases of pulmonary caicmoina equalled one-third the number of 
cases of caicmoma of the stomach found at autopsy at his large insti- 
tution In spite of this inci easing incidence of pulmonary carcinoma, 
Fishberg ® stated that 80 pei cent of his patients were sent in with the 
diagnosis of other pulmonary diseases, even though most of them weie 
observed in other hospitals befoie admission to the institution with 
which he is affiliated The same authoi insisted, though, that a diag- 
nosis can be made by a caieful history and physical examination, and 
that a very skilful peicussion will leveal to the expert eai the fine dis- 
tinction between the dulness of massive tubeiculous involvement and 
the flatness of carcinoma He also stated that the amphoric breathing 
audible in cavernous tubeiculosis is usually heaid m the mammary region 
01 over the supraspinous legion, while in carcinoma with a cavity it is 
heard over the sternum or the mtei scapular area It has been my 
experience, though, that tuberculous cavities respect no aiea, while they 
may favor some Theie is no question that the very skillful clinician 
may, possibly, differentiate between extieme dulness and flatness, and 
thus may make a diagnosis when otheis fail But what about the avei- 
age general practitionei who must have something more tangible, more 
pathognomonic? Can the diagnosis of carcinoma of the lungs be made 
within reach of the rank and file? 

In a pievious communication,® I described a pathognomonic symp- 
tom complex that can be elicited, wholly or m part, m the vast majority 
of cases of primary pulmonary carcinoma This symptom complex con- 
sists of a peculiarly chaiacteiistic history and definite physical signs 

5 Fishberg, M Diagnosis of Pulmonary Neoplasm, Arch Int Med 37 
745 (June) 1926 

6 Polevski, J Diagnosis of Primary Carcinoma of the Bronchus, M J & 
Rec 129 448 (April 17) 1929 
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The eliciting of this complex, in my opinion, ■will enable the average 
practitioner in a large majont} of cases, to arrue at a coriect diagnosis 
Of the 6 consecutnel} diagnosed cases to be described, 2 were diagnosed 
b} the intern 

CHARACTERISTIC HISTORY 

In cases of carcinoma, if uncomplicated by coexisting tuberculosis, 
which situation prevails in many cases, the following is the 
historj The patient of cancer age, frequently of suggestive appearance, 
most often states that up to a reasonably short period of time prior to 
his present complaint he has not been troubled wuth an} pulmonary 
difficult} Dr James F Percy ^ of Los Angeles, who has had a vast 
experience w ith cancer, emphasized further this strikingly negative pre- 
Mous histor} of patients iMth cancer In his experience, these cases 
evince a history that is unusually free from previous infection in any 
part of the body 

The condition is ushered in, as far as the patient is concerned, m 
numerous }et characteristic ways Some patients state that since an 
attack of bronchitis or pneumonia, w'hich affected them from a few 
months to two years prior to their visit to the office, they have never been 
well, but haie, more or less continuously, suffered from some pulmon- 
ar} difficult} Some patients state that they have had more than one 
attack of pneumonia, wdiich has recurred at \ery short intervals within 
recent date This last histor} is very suggestive “As the rule is once 
pneumonia in pulmonar} carcinoma always pneumonia for obvious 
reasons ’ ® 

In some cases the condition sets in more insidiously, until the moie 
se\ere symptoms prompt the patient to seek medical advice 

Pam IS the most frequently elicited complaint, and more than any 
other S}mptom draws the attention of the patient to his condition 

Hemorrhage is not uncommon It may occur without w^arnmg or 
may de^elop insidiously 

D}spnea, next to pain, is the most frequent complaint that brings 
these patients to the ph}sician This too, may develop gradually or 
may occur suddenly Occasionally it is ushered in in the form of an 
asthmatic parox}sm It ma} be caused by the final plugging of a 
bronchus, by the frequently complicating pleural effusion or by a 
unilateral phrenic paralysis wnth the resultant partial pulmonar}’' 
collapse 

Any or all of these complaints in a patient of cancer age, particular!} 
with a negatne pulmonar} histor} up to that age, are extremely sug- 
gestne and are frequent!} sufficient to justify a tentative diagnosis of 
primar}’- pulmonar}* carcinoma 

7 From a personal con\ersation with Dr James Percj 

8 Statement made b}' Professor Erdheim of Vienna 
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The chaiactenstic ph}'sical signs consist of 
a A high position of the diaphiagm on the affected side 
b Paiadoxical respiiation with a seesaw movement of the dia- 
phi agm 

c Pendulum movement of the heait, which is diawn ovei to the 
side affected dm mg inspiiation, and away fiom it dm mg expiration 
d Frequent coalescence of an aiea of flatness in the infraclavicular 
aiea with the substeinal aiea of cardiac dulness 

Foi a moie detailed explanation of these physical signs, the leader 
IS refeiied to an aiticle that I published on a pievious occasion ® 

I may state heie that in a considerable number of cases all these 
signs as well as the chaiactenstic history aie obtainable, m which case 
the diagnosis is faiily ceitain In some cases the pictuie may not be 
complete, m which case a loentgen film, oi bettei still, fluoioscopy, may 
elicit all the physical signs 

The leason foi the absence of some of the chaiactenstic features that 
are usuall}^ present in this condition becomes clear when one thinks of 
the evolution of its physiopathology , that is, the high diaphragm that 
IS fiequently found and the paiadoxical lespiiation are due to the 
paialysis of the adjoining phienic neive In the eaily stage of carcinoma 
of the bronchus or even in latei stages, if the mass first develops quite 
distally to the loot and hence away fiom the phrenic neive, theie may 
be no paialysis and hence no high diaphiagm oi paiadoxical respiiation 
The following is an account of 6 cases diagnosed consecutively in 
my seivice in the waid during a peiiod of one }eai As stated, 2 of 
these cases weie diagnosed by the intein by applying himself to my 
method Two of these cases weie verified by autopsy findings In 
3 cases bronchoscopy was peifoimed, and in 2, biopsy mateiial showed 
caicinoma 

REPORT or CASES 

Case 1 — M S , a white man, aged 51, a carpenter, gave an essentially negative 
family history He had never complained of a pulmonary difficulty up to three 
years prior to his admission to the hospital, when he first began to be tioubled by 
a slight cough This, however, did not prevent him from attending to his work 
Three months before admission his cough became very annoying, and he experi- 
enced severe pain m the chest Since then he could not work and had lost 25 
pounds (11 3 Kg ) He was sent to the hospital by his family physician with the 
diagnosis of pulmonary tuberculosis 

The age and negative pulmonary history up to the present complaint immedi- 
ately suggested the possibility of a pulmonary malignant condition Physical 
examination revealed the cardiac pendulum phenomenon The diaphragm, how- 
ever, was not of the high standing type Infraclavicular dulness was fused with 
retrosternal cardiac dulness A diagnosis of carcinoma of the lung was made 
Fluoroscopy revealed a dense shadow m the upper lobe of the left lung After 
the patient s first week in the hospital, the cough became very severe and profusely 
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productne Physical signs of a caMtj soon became apparent This cavity grew 
rapidly larger His expectoration became more profuse and foul The patient 
died following a very severe pulmonar}' hemorrhage Autopsy revealed a cavity 
the size of a fist lined by a very ragged, degenerated wall external to which was a 
grayish-white shell of cartilaginous consistency typical of carcinoma 

Case 2 — I W , a white man, aged 70, had an essentiallv unimportant family 
history He could not reveal any previous serious illness Eight days prior to 
his call at the office, he was suddenly taken with an attack of dyspnea, which 
continued practically without interruption There was also a sensation of unbear- 
able retrosternal pressure The family physician diagnosed the condition as a 
severe paroxysm of asthma 



Fig 1 (case 1) — Primary carcinoma of the left lung 

Examination revealed a mild degree of c\anosis and an expression of extreme 
alarm There was an area of flatness in the right interscapular space The 
diaphragm on that side was not high, and no paradoxical respiration was made 
out The blood pressure was 200 S 3 ^stohc and 110 diastolic An electrocardiogram, 
however, failed to reveal any evidence of mj'ocardial changes or anything sug- 
gestive of a coronary lesion 

A tentatne diagnosis of a neoplasm, either mediastinal or pulmonary, was made 
on the basis of the previous negative pulmonarj historj'', the mterscapular flatness 
and the intensity of the symptoms 

An x-raj film was ’lery suggestive of a tumor beginning at the bifurcation 
of the larger right bronchus The subsequent pain necessitated the constant admin- ^ 
istration of moderate doses of opiates 



Fag 2 (case 1) — Small cavih, with the fluid level definitely visible in the 
upper part of the shadow 



•> Fig 3 (case 1) — Very large cavity, irregular masses projecting into it are 
definitely discernible It is interesting to observe that, while the cancer cavity in 
Its early stage looks very much like an ordinary abscess with its usual fluid level, 
as It grows larger the cancerous characteristics become evident The wall is 
irregular and is studded with irregular masses 
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Examination three weeks later revealed a verj'- high diaphragm on the affected 
side No fluid uas made out Paradoxical respiration and a resultant seesaw 
movement of the diaphragm were elicited A pendulum movement of the heart 
was questionable by the percussion method, but was clearly made out by the aid 
of the fluoroscope A definite diagnosis was then made of primary bronchial 
carcinoma of the lung 

The dyspnea continued The pain, however, abated somewhat The patient 
died within six weeks after the first examination in a state of extreme dyspnea 
and exhaustion No autopsy was performed, but biopsy material obtained by the 
bronchoscope revealed carcinoma in the lower part of the right bronchus 

Case 3 — R D , a white man, aged 50, gave an irrelevant family history There 
was a previous history of pneumonia one and one-half years before examination, 
up to which time he had never been sick He had lost 33 pounds (15 Kg) in 



Fig 4 (case 2) — A, chest of patient B, chest three weeks later The dia- 
phragm IS high owing to paralysis of the phrenic nerve and a possible collapse of 
the lower lobe 


the last seven months He had continued working up to four months before 
examination, when he began to tire on slight effort Since then he had also been 
suffering from dyspnea, which was constant and was not relieved by rest He 
applied at that time for medical aid to a very reputable institution Evidently 
carcinoma was then suspected, as bronchoscopy was performed at the institution, 
though with negative results An axillary gland was also removed at the same 
institution for biopsy and was found negative for carcinoma One month later 
the patient was tapped by his family physician for a pleural effusion This gave him 
temporary relief Shortly afterward dyspnea recurred, and three months after the 
tap he applied to mj-^ service because of his dyspnea and loss of weight 

Physical examination revealed the following The right side of the chest was 
flat from the apex to the base, anteriorly as well as posteriorly Because of the 
history, a tentative diagnosis of carcinoma of the lungs was made After aspira- 
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tion of the fluid, winch was serous, the high position of the diaphragm the para- 
doxical respiration, the pendulum movement of the heart and fusion of 
upper dull area with the upper sternal cardiac dulness were made out clinic y 
and corroborated by the fluoroscope The patient presently refused food, became 
moribund and died from inanition 

At autopsy, a carcinoma involving the upper lobe of the right lung, exten mg 
from the right upper bronchus, surrounded by a large area of atelectasis, was 

found 


Case 4-B S , a ^vhite man, aged 62, gave the following history Two years 
before examination he had had a bad cold that confined him to bed for six 
weeks The cough had persisted for about one year A condition then developed 



Fig 5 (case 3) — The upper shadow represents carcinoma and atelectasis of 
the upper lobe of the right lung The diaphragm is extremely high 

that was diagnosed as asthma This was shortly followed by a pleural effusion 
He had been unable to work since His chief complaints on admission were pain 
in the left side of the chest, loss of weight and hemoptysis 

Examination revealed unilateral left exophthalmos The left pupil was dilated 
The left side of the chest was fiat on percussion from the apex to the base After 
draining a large amount of serous pleural fluid, the characteristic diaphragmatic 
phenomena and the pendulum movement of the heart could be clearly made out 
clinically and fiuoroscopically The upward inspiratory excursion of the left side 
of the diaphragm was very marked A diagnosis of primary carcinoma of the 
left lung was made Bronchoscopy revealed a mass protruding into the lumen 
below the bifurcation of the left mam bronchus Biopsy was not made 

The patient left the hospital , he died at home from a severe pulmonary hem- 
orrhage 
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( 3 ^se 5 B Z , a white man, aged 48, was never sick until a month prior 

to his admission to the hospital, at which time he started to cough, with a good 
deal of mucopurulent expectoration which presently became tinged with blood 
The patient had pronounced alcoholism The sputum was repeatedly negative 
for tubercle bacilli, and the Wassermann reaction of the blood was negative 
The patient was sent to the hospital by his family physician with a diagnosis of 
advanced pulmonary tuberculosis 

Examination revealed a very emaciated person The upper right side of the 
chest was extremely flat, chiefly anteriorly This area of flatness fused with the 
upper retrosternal cardiac area A pendulum movement of the heart could be 



Fig 8 (case 6) — The growth seems to be located peripherally There is evi- 
dence of upper pulmonary collapse and a Ingh diaphragm 

made out definitely Diaphragmatic excursion was very limited, but was not 
paradoxical A diagnosis of pulmonary carcinoma was made Bronchoscopy 
revealed the upper part of the right bronchus partlv obstructed by a mass that 
bled readily No material was obtained for biops}’’ The patient left the hospital 
and was lost from observation 

Case 6 — Mrs M S, a white woman, aged 60, insisted that she had had a 
negative pulmonary historj" up to two years before admission to the hospital, since 
which time she had been suffering from a mild bronchitis One year before 
admission she began to cough severely and experienced intense pain m the right 
side of the chest She lost her appetite and weight 
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Physical examination re\ealed extreme flatness o\er the upper right side of 
the chest which fused with the upper sternal cardiac dulness A distinct pendulum 
mo\ement of the heart, a high diaphragm and paradoxical respiration were clearly 
made out by percussion and were verified by the fluoroscope A diagnosis of 
primary pulmonary carcinoma of the right lung was made Bronchoscopy uas 
not considered essential Symptoms of pressure on the superior vena cava — ^facial 
swelling and puffiness of the arms — recently de\ eloped The patient was still under 
observation 



Fig 9 (case 1) — The lung, showing a rugged shell of carcinoma in the upper 
lobe, with a large irregular cavity 


COJIMEM 

An anal} sis of the 6 cases shows that pain occurred in 4, effusion in 
2, asthmatic symptoms in 2, hemoptysis in 4, a pendulum movement 
of the heart in all 6, paradoxical lespiiation in 4, a high diaphragm 
in 4, fusion of the upper aiea of flatness with cardiac dulness in 4, 
cavity formation m 1, pressure on the stmpathicus in 1 and terminal 
pressui e on the superioi vena cava in 1 
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SUMMARY 

1 Piimary pulmonaiy caicinoma can be diagnosed clinically 

2 A chaiacteiistic histoiy is obtained in the vast majoiity of cases 

3 A cliaiactenstic complex of physical signs has been desciibed 

4 The fluoroscope is of gieat aid in doubtful cases and helps to 
confiim clinically established ones 

5 Bionchoscopy and biopsy aie laiely necessaiy to establish a 
diagnosis 

682 High Street 



THE USE OF AMIDOPYRINE IN RHEUMATIC 

FEVER 

MARK P SCHULTZ, MD 

NEW YORK 

In the tieatment of patients with rheumatic fevei duiing the past 
year in this hospital it has been found that amidopyrine is decidedly 
superioi to other drugs heretofore employed, namely, sodium salicylate, 
acetylsahc)dic acid, the ethyl ester of phenylcinchonimc acid, cmchophen 
and neocinchophen ^ As an adequate summary of the properties of 
amidopyrine is not available elsewhere, a brief review of the hteiature 
concerning it is presented as a preliminary to an account of the obseiva- 
tions presented in this paper on rheumatic fevei 

REVIEW OF THE LITERATURE 

Filehne,' m 1896 and in 1897, described the synthesis, the piopeities 
and a few preliminary therapeutic trials of an antipyretic and analgesic 
which he arbitrarily named “pyramidon,” but which he designated more 
accurately as 4-di-methyl amino-antipynne Antipynne, a condensation 
product of methyl-phenyl hydrazine and aceto-acetic ester, was first 
conveited by Stolz,^ in 1893, into amidopyrine, or pyramidon, by sub- 
stituting a di-methyl group in the fourth position^ Isometiic forms 
of the compound have been described ® 

Submitted for publication, April 16, 1931 

^ From the Hospital of the Rockefeller Institute for Medical Research 

1 Boots, R H, and Miller, CPA Study of Neocinchophen m the Treat- 
ment of Rheumatic Fever, J A M A 82 1928 (March 29) 1924 Miller, C P , 
and Boots, R H The Treatment of Rheumatic Fever with the Ethyl Ester of 
Phenylcinchonimc Acid, J Lab & Clin Med 10 34, 1924 Swift, Homer F The 
Treatment of Rheumatic Fever, Boston M & S J 187 331, 1922 

2 Filehne, W Ueber das Pyramidon, ein Antipynnderivat, Berl khn Wchn- 
schr 33 1061, 1896, Das Pyramidon, Ztschr f khn Med 32 569, 1897 

3 Klatt, H Ueber das Pyramidon, Aerztl Rundschau 15 545, 1905 

4 Fourneau, Ernest Preparation des medicaments orgamques. Pans, J B 
Bailliere et fils, 1922 Frankel, S Die Arzneimittel-Synthese auf Grundlage der 
Beziehungen zwischen chemischem Aufbau und Wirkung, ed 2, Berlin, Julius 
Springer, 1906 Francis, Francis E , and Fortesque-Bnckdale, J M The 
Chemical Basis of Pharmacology, London, 1908, p 206 

5 Robert, R Beitrage zur Kenntms eimger Pyrazolondenvate, Ztschr f 
khn Med 62 57, 1907 
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The chemical and physical properties have been studied in some 
detail, ° and many color reactions have been devised for identification ' 
Amidopyrine is a yellow-white, almost tasteless, crystalline powder, 
readily soluble in water (1 10) and faintly alkaline in solution The 
compound is ver}^ susceptible to the action of oxydases, and for this 
reason certain phaimacologic combinations are contraindicated® 

The drug is lapidly absorbed and excreted After model ate doses by 
mouth, it appears m the blood and urine within twenty minutes , " 
the urine remains free from detectable tiaces after two hours The 
rapidity of excretion is also demonstrated by the fact that 300 per cent 
of the intravenous fatal dose may be given to cats by the adminis- 
tration of fractions of the total quantity over a period of twenty-four 
hours ° Although readily decomposed in the body, for only 1 per cent 
appears unchanged in the urine, the site of destruction has not been 
identified The compound is eliminated m the urine chiefly as urammo- 
antipyrine, in combination with glycuronic acid, and in certain persons 
as an unidentified complex derivative which readily oxidizes to rubizomc 
acid, thereby imparting a pink color to the urine Apert observed 
such urinary color change, usually beginning four hours after a dose 

6 Filehne (footnote 2, first reference) Cushny, Arthur R A Text-Book 
of Pharmacology and Therapeutics, ed 7, Philadelphia, Lea & Febiger, 1918, p 
473 Meyer, H H , and Gottlieb, R Expenmentelle Pharmakologie als Grund- 
lage der Arzneibehandlung, ed 5, Berlin, Urban & Schwarzenberg, 1921, p 542 

7 Barral, E Nouvelles reactions colorees du pyramidon, Bull Soc med d 
hop de Lyon 2 206, 1903 Hoffmann, Paul Vergleichende Reaktionen von 
Antipynn, Pyramidon und Verwandten und Schicksal des Pyramidon im Tier- 
korper. Arch internat de pharmacodjm et de therapie 6 171, 1899 Jolles, 
Adolf Uefaer den Nachweis des Pyramidons (Dimethylamido-antipyrins) nn 
Harn, Ztschr f anal Chem 37 441, 1898 

8 Bondouy, T Action du ferment oxydant de la gomme arabique sur le 
pyramidon, Trav scient Univ de Rennes 2 281, 1903 von Waldheim, M 
Ursache und Verhutung der Inkompatibilitat des Pyramidons und des Gummis, 
Ztschr d allg osterr Apoth -Ver 56 1025, 1902 

9 Koppanji, T , and Lieberson, A Studies on the Duration of Action of 
Drugs I Analgesics and Hypnotics, J Pharmacol & Exper Therap 39.177 
1930 

10 Hoffmann (footnote 7, second reference) Oswald, Adolf Chemische 
Konstitution und pharmakologische Wirkung, Berlin, Borntraeger, 1924 Jaffe, 
M Ueber das chemische Verhalten des Pyramidons im Organismus, Internal' 
Beitr z inn Med (Leyden), Berl 2 1, 1902 

11 Francis, Francis E, and Fortesque-Bnckdale (footnote 4, third reference), 
Hoffmann (footnote 7, second reference) Jolles (footnote 7, third reference)' 
Gregor, K Ueber einen bei innerlicher Anwendung von Pyramidon im Ham 

Unterleibstyphus mit Pyramidon, Munchen med Wchnschr 
54 566, 1907 Remmets Einiges uber Pyramidon, Prakt Arzt 42 265, 1902 

12 Apert, E Les urines rouges dans la medication par le pyramidon. Arch 

auftretenden roten Farbstoff, Therap Monatschr 14 298, 1900 Leick Bruno 
gen de med 2 1665, 1904 ’ 
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of 1 Gm , as a peculiar response in about one third of his patients who 
weie leceiving therapeutic doses, although no correlation was estab- 
lished with any other unusual reaction to the drug 

The mechanism of antipyresis has not been studied in much detail 
Theie is great increase m heat loss as measured in the calorimeter^® 
This IS occasioned by peripheial vasodilatation and inci eased peispi- 
lation, thought to be due to a central action of the drug It occurs 
after small doses in febrile, and after large doses m normal, animals 
Although heat pioduction is slightly deci eased, tissue oxidation is 
depressed less than m the instance of other antipyretics Therapeutic 
doses have a veiy slight effect on the temperature of noimal man,’^® but 
laige doses frequently have been observed to reduce the tempeiature 
111 afebrile animals 

The analgesic effect is thought to reside m a direct action on the 
thalamus 

In the earlier French hteratuie, one frequently encounters the state- 
ment that amidopyrine generally accelerates metabolism, because a rela- 
tively increased excretion of urinar}'^ nitiogen as urea was observed 
dui mg medication This conclusion seems questionable on such 
slendei evidence, although it is possible that the results quoted may 
have been associated with altered kidne}'- excietory function similai to 
that demonstrated more recently in the instance of other antipyretics 
Inconclusive studies have been made of the effect of the diug on oxygen 

13 Filehne (footnote 2, second reference) Gessler, H Ueber den Emfluss 
des Pyramidons auf den Stoffwechsel, Arch f e\per Path u Pharmakol 98 
257, 1923 

14 Gessler (footnote 13, second reference) 

15 Nitzescu, I I , and Cosma, I L’action de quelques antip 3 Tetiques sur la 
respiration des tissus, Compt rend Soc de biol 89 1406, 1923 

16 Filehne (footnote 2, second reference) Blanc, A £tude therapeutique 
sur le pyramidon. These de Paris, 1903 Hollo, Julius Die Beeinflussbarkeit 
subfebriler Temperaturen durch Pyramidon, Wien klin Wchnschr 42 369, 1929 

17 Filehne (footnote 2, second reference) Klatt (footnote 3) Lepine, R 
Sur la valeur chnique du pyramidon, Lyon med 85 215, 1897 

18 Hoff, H , and Wermer, P Klimsche Untersuchungen uber den Angriffs- 
Punkt der Analgetica, Khn Wchnschr 8 488, 1929 

19 Blanc (footnote 16, second reference) Bertherand, L Contribution a 
I’etude du pyramidon et de ses sels, Bull gen de therap 141 243, 1901 , 142 
276, 1901 Bardet, G Action antithermique du pyramidon. Bull gen de therap 
141 367, 1901 Robin, Albert, and Bardet, G Un medicament aromatique, 
analgesique, et antipyretique excitateur des echanges orgamques, le dimeth}!- 
amido-antipyrine ou pyramidon, Compt rend Cong internat de med , Pans, 1900 
(Sect therap), p 137 

20 Mjers, V C, and Killian, J A Studies on the Influence of Phenylcin- 
chonmic Acid and the Ethyl Ester of Paramethylphenyl-Cinchonimc Acid on 
Renal Excretion, J Pharmacol Exper Therap 18 213, 1921 
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consumption and internal respiration Retention of water and sodium 
chloride, possibly the result of a central action, have been observed 

in animals 

There is definite effect on sugar metabolism, in that therapeutic 
doses lower the blood sugar level slightly in normal men and animals.-^ 
but increase it in persons with severe diabetes and in depancreatecto- 
mized dogs Very large, toxic doses in animals uniformly cause an 
increase in the blood sugar These observations are interpreted as 
indicating a direct action on the pancreas Temporarily increased 
excretion of sugar in diabetic persons has been observed frequently 
coincident with the administiation of amidopyrine 

The general symptoms following varied doses by different routes 
of administration have been studied extensively in several species of 
animals In the dog, 0 2 Gm per kilogram of body weight by mouth 
IS the usual maximum sublethal dose, and on the basis of comparative 
weights roughly corresponds with from 8 to 10 Gm in man 

Miscellaneous studies of the effects of the drug have demonstrated 
the following (1) a peripheral action m lowering the tonus of smooth 
muscle,^® (2) a depression of the higher centers fan observation of 
the behavior of rats in a circular maze®®) , (3) a slight elevation of the 


21 Robin and Bardet (footnote 19, fourth reference) 

22 Gessler (footnote 13, second reference) Averbuck, S H Ueber die 
Diuresehemmung durch Antipyretika, Arch f exper Path u Pharmakol 157* 
330, 1930 

23 Gessler (footnote 13, second reference) de Carvalho, Alberto Contri- 
bution a I'etude de Taction des antipyretiques sur la glycemie, Compt rend Soc 
de biol 98 1583, 1928 

24 Chian, H, and Regler, R Zur Frage der Beziehung zwischen Warme- 
Regulation und Zuckerstoffwechsel Die Beeinflussung des Blutzuckers durch 
Fiebermittel der Pyrazolongruppe, Ztschr f d ges exper Med 46.443, 1925 

25 Legendre, Charles Sur le pyramidon fitude expenmentale et therapeuti- 
que. Pans, 1897, these no 270 Lepine, R Sur le pyramidon, Rev de med Pans 
17 196, 1897 

26 Bertherand (footnote 19, second reference) Robin and Bardet (footnote 
19, fourth reference) Henneberg, H Eine Migranmvergiftung, Therap 
Monatsh 18 50, 1904 

27 Filehne (footnote 2, second reference) Blanc (footnote 16, second 

reference) Lepine (footnote 17, third reference and footnote 25, second refer- 
ence) 


28 Lepine (footnote 17, third reference) 

29 Januschke, H , and Lasch, F Ueber die penphere Wirkung des 
Pyramidons I Mitteilung Die Wirkung des Pyramidons auf die glatte 
Muskulatur, Arch f exper Path u Pharmakol 114:70, 1926, Ueber die Wirk- 
ung des Pyramidons auf die Muskulatur des Darmes, Klin Wchnschr 5-321 

9 6 Lasch, F, and Perutz, A Pharmakologische Untersuchungen uber die 
Wiring des Pyramidons auf das Genitale, Arch f Dermat u Syph 150*474 1926 
J'facht, D I , and Bloom, W Effect of Some Antipyretics on the 
Behavior of Rats in the Circular Maze,J Pharmacol & Exper Therap 17 21, 1921 
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thieshold of hearing in (4) no effect on muscular coordina- 

tion/- and (5) a capacity of inducing hypersensitiveness in animals 
which may be passively transferred With regard to properties that 
might impair therapeutic value, amidopyrine proved inferior to the othei 
antipyretics and analgesics with which it was compared in these experi- 
ments only m the depression of higher cerebral function 

After the introduction of amidopyrine by Filehne m 1896, it was 
given many clinical trials in a wide variety of diseases, and was most 
extensively used in typhoid fever 

There were diveise opinions regarding the value of the drug in this 
disease, but the composite conservative conclusion seems to have been 
that in instances m which baths are inadvisable by reason of extreme 
delirium or objection on the pait of the patient, and in the presence of 
great weakness, perforation or bleeding, it may be of use Amidopyrine 
in rather small doses (from 0 15 to 0 3 Gm ) frequently repeated was 
effective as an antipyretic and in clearing the sensorium, but there 
was occasional vomiting, thought by some observers to be due to the 
medication With the disappearance of fever, symptoms of collapse, 
with weak pulse, piofound drop in temperature and cyanosis, some- 

31 Macht, D I , Greenburg, J , and Isaacs, S The Effect of Some Anti- 
pyretics on the Acuity of Hearing, J Pharmacol & Exper Therap 15 149, 1920 

32 Macht, D I , Isaacs, S , and Greenberg, J P On the Influence of Some 
Antipyretics on the Neuro-Muscular Co-Ordination Test of “Tapping,” Proc Soc 
Exper Biol & Med 15 61, 1918 

33 Biberstem, H Beitrage zur passiven Uebertragung der Ueberempfindlich- 
keit gegen chemisch bekannte Stoffe, Ztschr f Immunitatsforsch u exper 
Therap 48 297, 1926 
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17, third reference) Brandies, A Ueber die Behandlung des Typhus 
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Byk, L Ueber die Anwendung des Pyramidons bei Typhus abdominalis, Deutsche 
med Wchnschr 29 51, 1903 Gerest and Rigot Traitement de la fievre 
tjTphoide par le pyramidon, Loire med 19 281, 1900 Hirtz L’observation de 
plusieurs malades ayant eu une chute brusque de temperature apres I’lnjection 
de doses legeres de pyramidon, Bull et mem Soc med d hop de Pans 33 959, 
1912 A propos de I’emploi du pyramidon chez les typhiques, Presse med 54 
573, 1912 Hodlmoser, C Ueber den Wert des Pyramidons fur die Behandlung 
des Abdommaltyphus, Wien klin Wchnschr 18 103, 1905 Horneffer, Curt 
Pyramidon (Dimethylamidoantipynn), Berl klin Wchnschr 34 759, 1897 John, 
M Zur Pyramidonbehandlung des Typhus, Munchen med Wchnschr 59 987, 
1912 von Krannhals, H Ueber die Anwendung des Pyramidon beim Abdominal- 
typhus, Munchen med Wchnschr 51 2175, 1904 Philibert, A Les perforations 
intestinales au cours de la fievre typhoide, Gaz d hop 83 237, 1910 Valentmi 
Ueber die systematische antifebrile Behandlung des Unterleibstyphus mit 
PjTamidon, Deutsche med Wchnschr 29 273, 1903 
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times occurred As no other untoward effects of the medication were 
encountered, the conclusion was reached by some observers that these 
symptoms were not in the nature of a side action, but rathei the direct 
result of inadvisable lowering of the temperature In particular, the 
duration of the febrile phase of the disease and the development of 
myocarditis were uninfluenced The ability of the patient to elaborate 
specific agglutinins was not depressed 

Amidopyrine has also been used m febrile tuberculosis of all forms 
Often a complete antipyretic effect was secured, if not, other anti- 
pyietics likewise were ineffective Except for excessive sweating, no 
untoward reactions were observed in most instances, while appetite 
was occasionally increased and malaise overcome to a degree appar- 
ently beneficial However, the natural progress of the disease was 
uninfluenced 

Patients with a variety of febrile diseases, including pneumonia,^® 
influenza,®® bronchitis,^® erysipelas,^^ scarlet fever,^® puerperal sepsis,^® 

35 Widenmann, A Pyramidonbehandlung des Unterleibstyphus, Med Kim 
2 814, 1906 Remberg, Pierre Traitement de la fievre typhoide par le pyramidon, 
Nouv remedes 19 438, 1903 

36 Beniasch, M Ueber den Einfluss der Antipyrese auf die Agglutmations- 
Kraft des B lutes beim Abdommaltyphus, Ztschr f klin Med 45 51, 1902 

37 Filehne (footnote 2, first reference) Klatt (footnote 3) Blanc (footnote 
16, second reference) Bertherand (footnote 19, second reference) Robin and Bardet 
(footnote 19, fourth reference) Butters (footnote 34, seventh reference) Gerest 
and Rigot (footnote 34, ninth reference) Horneffer (footnote 34, thirteenth refer- 
ence) Ketly, L Pyramidon, Heilkunde 4*12, 1899 Blumenthal, A Therapeu- 
tische Verwendung von Pyramidon und semen Salzen bei Phthisis pulmonum, 
Deutsche Aerzte-Ztg, 1901, no 19, p 438 Hirschkron, J Neuere Erfahrungen 
mit P 3 ^ramidon, Allg Wien med Ztg 46 142, 1901 Robert, R Pharmakothera- 
peutische Rukblicke II Die Antipyretica, Deutsche Aerzte-Ztg , 1899, no 2, p 30 
Lublinsky, W Ueber die Wirksamkeit des Pyraniidons bei dem Fieber der Phthi- 
siker, Therap Monatsh 15 513, 1901 Muller Ueber Pyramidon, Deutsche Prax 
12 680, 1903 Poliak, J Einige neue Medicamente m der Phthiseotherapie, Wien 
klin Wchnschr 13 59, 1900 Tauszk, F Die Salze des Pyramidons, Deutsche 
Prax 14 204, 1905 Roth, D Ueber Wirkungsweise des Pyramidons bei ver- 
schiedener Krankheitszustanden, Wien klin Wchnschr 10 964, 1897 

38 Filehne (footnote 2, first reference) Butters (footnote 34, seventh refer- 
ence) Horneffer (footnote 34, thirteenth reference) Hirschkron (footnote 37, 
tenth reference) Muller (footnote 37, fourteenth reference) 

39 Blanc (footnote 16, second reference) Horneffer (footnote 34, thirteenth 
reference) Muller (footnote 37, fourteenth reference) 

40 Hirschkron (footnote 37, eleventh reference) Muller (footnote 37, four- 
teenth reference) ’ 

41 Filehne (footnote 2, first reference) Blanc (footnote 16, second reference) 

Butters (footnote 34, seventh reference) Horneffer (footnote 34, thirteenth refer- 
ence) 

42 Filehne (footnote 2, first reference) Horneffer (footnote 34, thirteenth 
reference) 

43 Muller (footnote 37, fourteenth reference) 
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meningitis/^ mumps/® smallpox/® measles and malaria/® have been 
treated with amidopyrine, with effective antipyresis m all except malaria 

In 1903, Muller reported beneficial effects in a number of cases 
of measles , and more recently striking abortive and apparently cura- 
tive properties brought about m this disease by amidopyrine have been 
observed, although not universally 

Because the antipyretic effects of amidopyrine have been so impi es- 
sive, it has been proposed on the basis of extensive clinical studies of 
patients treated for tuberculosis that a temperature not lowered by mod- 
erate doses IS, m fact, a normal temperature Interesting effects were 
observed by Weltmann,®® who gave single doses of 1 Gm to patients 
with subfebnle temperatures following a variety of long and severe 
infections In some cases there was only a temporary return of the 
temperature to normal, indicating a persisting infection, in others 
the temperature became normal and remained theie Weltmann sug- 
gested that in the latter instances the regulating center may have been 
“set at a higher level” as a result of the long-continued febrile state 

There are occasional, scattered references to a sedative action of 
amidopyrine It is probably this property, in addition to a possible 
influence of therapeutic doses in relaxing smooth muscle, that accounts 
for a reported beneficial effect in asthma ®’- 

Striking examples of the analgesic potency of amidopyrine are 
reported in the literature ®- In migraine, tic douloureux, tabetic crises 

44 Butters (footnote 34, seventh reference) 

45 Blanc (footnote 16, second reference) 

46 Roth (footnote 37, seventeenth reference) 

47 Loevventhal, Max Amidopynn in the Treatment of Measles, Bnt M J 
2 51, 1924 Collier, J I Treatment of Measles with Amidopynn, ibid 1 1093, 
1930 Ronaldson, G W , and Collier, J I Amidopynn m the Treatment of 
Measles, ibid 2 994, 1930 

48 Attlee, W H W Amidopynn in the Treatment of Measles, Bnt M J 
2 996, 1930 

49 Hollo (footnote 16, third reference) , Ueber erne neue Methode zur Beur- 
teirlung subfebnler Temperaturkurven im Verlaufe der Lungentuberkulose, Beitr 
z Klin d Tuberk 36 29, 1916 Mayrhofer, Heinrich Die Beeinflussbarkeit 
subfebnler Temperaturen durch Pyramidon, Wien khn Wchnschr 42 107, 1929 

50 Weltmann, O Ueber den Einfluss einer einmahgen massiven Pyramidon- 
Dosis auf postinfektiose Temperatursteigerungen (Pvramidonstoss), Med Khn 
25 1659, 1929 

51 Albrecht Ueber Pyramidon, besonders beim Asthma, Therap d Gegenw 
4 476, 1902 

52 Blanc (footnote 16, second reference) Bertherand (footnote 19, second 
reference) Robin and Bardet (footnote 19, fourth reference) Hirschkron (foot- 
note 37, eleventh reference) Muller (footnote 47, fourteenth reference) Alt- 
hausen Schmerzstillende Wirkung des Pyramidons, Med Khn 10 1498, 1914 
Laudenheimer, Rudolf Ueber Amvendung des Pyramidons bei Nervenkrankheiten, 
Therap Monatschr 12 177, 1898 vmn Donat Pyramidon in der Zahnheilkunde, 
Deutsche zahnarztl Wchnschr 10 436, 1907 
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and other painful diseases, it has often been found etfective when other 
similar drugs have failed, at times even when opiates were insufficient 
The first use of this drug in rheumatic fever was reported by Roth, 
in 1897 He favored it especially, because there were no undesirable 
incidental effects, and he was so deeply impressed by the powerful 
antisymptomatic properties that he proposed a theory of specific action 
in this disease During the few succeeding years (from 1897 to 1903), 
similar observations were continued by Breyer,®^ Robin and Bardet, 
Pauli,®® Hirschkron, Bertherand and Muller All except Bertherand, 
who reported two failures, confirmed Roth's observations, and con- 
sidered amidopyrine the drug of choice in the treatment for this disease 
As chemically induced antipyresis generally fell into disfavor, the 
striking advantages of amidopyrine m the treatment for rheumatic 
fever seemed to be forgotten The value of the drug in this connection 
nas accidentally lediscovered by Schottmuller,®® who reported briefl) 
in 1927, and in more detail in 1929 His assistant, Bodenstab,®^ also 
reviewed the subject m 1928 They found that therapeutic doses can 
be given without provoking symptoms of toxicity, and that very few 
cases are refractory Instances were cited in which amidopyrine 
afforded complete relief when symptoms of intoxication enforced dis- 
continuance of sodium salicylate, and when the latter, although tolerated 
in the usual therapeutic doses, was ineffective After sodium salicylate 
had been used almost exclusively for thirty years m the treatment for 
rheumatic fever m the clinic of Professor Schottmuller, a change was 
made to amidopyrine One other recent reference to the value of the 
drug m rheumatic fever was made by Motzfeldt 

The levels of therapeutic and toxic doses and the relation of the 
size of the dose to the appearance of untoward effects can be estimated 
very well fiom the experiences in the various diseases mentioned 

53 Lepnie (footnote 17, third reference) Kohn, S Pyramidon und Mor- 
phium, Prag med Wchnschr 32 222, 1907 

54 Brejer, A Die praktische Verwerthbarkeit des Pyramidons als fieber- 
wiedrigen und schmerzstillenden Mittels, Inaug Dissert , Breslau, 1899 

55 Pauh, W Ueber Nebenwirkungen des Pyramidons, Centralbl f d ges 
Therap 18 129, 1900 

56 Schottmuller, H Therapeutische Erfahrungen IV Behandlung des 
akuten und chronischen Gelenkrheumatismus mit Pyramidon, Munchen med 
Wchnschr 74-861, 1927, Ueber akute Gelenkentzundungen, ihre Aetiologie und 
Behandlung, ibid 76 499, 1929 

57 Bodenstab, Rudolf Ueber die Behandlung der Polyarthritis rheumatica 
acuta und chronica mit Pyramidon, Deutsches Arch f klin Med 159:171, 1928 

58 Motzfeldt, K Salicylates in the Treatment of Rheumatic Fever, Acta med 
Scandinav , 1930, supp 34, p 8 
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The especial instance of typhoid fevei, in which symptoms of circu- 
latoiy collapse sometimes accompany antipyresis, has been discussed 
in this connection In the treatment for tubei culosis, the doses weie 
usually small, but from 1 to 2 Gm was sometimes given daily foi 
months In miscellaneous febiile diseases similar amounts were effec- 
tive, but were not continued foi long periods As an analgesic foi 
various pains of nerve origin, small quantities were often sufficient, 
however, single doses of 1 25 Gm and daily doses of from 2 to 3 Gm 
were given In rheumatic fevei, the eaiher observers employed from 
1 to 2 Gm , 1 arel}' 3 Gm , daily Muller at one time i aised the quan- 
tity to 10 Gm , and continued the administration at a level of from 4 to 
6 Gm daily for three months Schottmuller found that the instances 
weie rare, indeed, in which moie than 3 Gm was required daily, and 
considered this the maximum theiapeutic dose He found, however, 
that full therapeutic doses may be continued for months without harm 

Several authors called attention to the remarkable constancy of 
lesponse in different persons, the absence of habit formation and the 
fact that there is no increase in tolerance or cumulative effect from 
long-continued administration Apert observed that children are 
tolerant to very laige quantities, but other authors recommended smaller 
doses for them Loewenthal gave the formula he used with leference 
to age 

Many observeis, regardless of the size of dose used or the disease 
foi which the patient was treated, leported an entire absence of impor- 
tant untoward effects Others encountered instances of idiosyncrasy 
01 of undesirable incidental reactions m some patients after large doses 
As has been noted, symptoms of collapse occasionally followed the 
use of the drug m typhoid fevei They have been observed in other 
patients twice by Neissei (in one instance after a dose of 0 2 Gm ), 
occasionally by Mesnard in peisons with alcoholic delirium or depres- 

59 Laudenheimer (footnote 52, seventh reference) 

60 Robin and Bardet (footnote 19, fourth reference) Legendre (footnote 25, 
first reference) 

61 Filehne (footnote 2, first reterence) Remmets (footnote 11, sixth refer- 
ence) Horneffer (footnote 34, thirteenth reference) Althausen (footnote 52, sixth 
reference) Kohn (footnote 53, second reference) 

62 Loewenthal (footnote 47, first reference) 

63 Klatt (footnote 3) Leick (footnote 11, fifth reference) Remmets (foot- 
note 11, sixth reference) Butters (footnote 34, seventh reference) Gerest and 
Rigot (footnote 34, ninth reference) Horneffer (footnote 34, thirteenth refer- 
ence) Valentmi (footnote 34, seventeenth reference) Remberg (footnote 35, 
second reference) Hirschkron (footnote 37, eleventh reference) Pauli (footnote 
55) 

64 Neisser Neuere diagnostische und therapeutische l^Iethoden beim Typhus, 
Berl klin Wchnschr 41 821, 1904 

65 Mesnard, P A Emploi therapeutique du pyramidon, Presse med 2 762, 
1902 
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Sion, and once by Blumenlhal in a patient severely ill with tuberculosis 
Henneberg desciibed vomiting and dizziness in a diabetic patient 
Laudenheimei reported that as an analgesic in an afebrile patient, a 
single dose of 0 4 Gin caused a complaint of precordial anxiety, and 
that in another person the same complaint followed a dose of 1 25 Gm 
Schottmuller occasionally obseived gastiic disturbances on continued 
daily doses of ovei 3 Gm Pauli mentioned one instance of a painful 
axillary paresthesia after long-continued administration Mild symp- 
toms, such as weakness, fatigue, malaise, loss of appetite and dizziness, 
have been repoited very rarely, usually following large doses of the 
diug or m patients m whom such developments might be anticipated 
incident to their disease An extensive bibliogiaphy with reference to 
side actions observed in patients was given by Seifert 

Skin manifestations following amidopyime have been repoited only 
infiequently Tiansient purpura, urticaria or erythema have been 
noted m one oi two patients each by three observers Five more 
severe reactions (progressing to subcutaneous edema and the forma- 
tion of bullae), some of them due to a proprietary medicine, “midol,’' 
containing amidopyrine, have been described m detail A few of these 
patients were sensitive to several coal-tar derivatives 

Attention has also been called to the absence of certain evidences 
of toxicity that similar coal-tar derivatives may cause in therapeutic 
doses, there is no deleterious effect on hemoglobin, the normal or 
diseased kidney is not taxed, and there is no diiect depiessing effect 
on the circulation The absence of symptoms similar to those of 
salicylism is universally noted 

66 Blumentlial (footnote 37, tenth reference) 

67 Henneberg (footnote 26, third reference) 

68 Laudenheimer (footnote 52, seventh reference) 

69 Schottmuller (footnote 56, second reference) 

70 Seifert, Otto Die Nebenwirkungen der modernen Arzneimittel, Kabitzsch, 
Wurzburg, 1915 

71 Bertherand (footnote 19, second reference) Gerest and Rigot (footnote 34, 
ninth reference) Widenmann (footnote 35, first reference) 

72 Hallopeau Sur 1 apparition d’exantheines identiques apres Ihngestion d’anti- 

pyrine, d’aspirme et de pyraniidon. Bull Soc frang de dermat et syph 17 242, 
1906 Renter, Carl Exanthem nach Pyramidongebrauch, Munchen nied Wchn- 
schr 50 140, 1903 Zieler Pyramidonexanthem, Arch f Dermat u Syph 86 

311, 1907 Bechet, Paul E Extensive Dermatitis Medicamentosa, Following the 

Use of Midol (Pyramidon), J A M A 59 1289 (Oct 5) 1912 

73 Editorial The Propaganda for Reform” Pyramidon Entering the 
Patent-Medicine Field— Midol, JAMA 59.461 (Aug 10) 1912 

74 Filehne (footnote 2, first reference) Francis and Fortesque-Bnckdale 
(footnote 4, third reference) Leick (footnote 11, fifth reference) Blanc (foot- 
note 16, second reference) Bertherand (footnote 19, second reference) Remberg 
(footnote 35, second reference) Robert (footnote 37, twelfth reference) ICohn 
(footnote 53, second reference) 
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Five cases of poisoning have been reported Single toxic doses of 
5 Gm and 7 Gm have been survived Death has occurred after 
the administration of an unknown quantity/" and in two instances half 
an hour following doses of 30 Gm taken by mistake The autopsy 
observations were negative in each case A fall m temperature, vomit- 
ing, a sense of suffocation and precordial pain, cold sweats, chills, 
weak and irregular pulse, depressed reflexes and cyanosis, followed by 
delirium, convulsions and coma, were the usual findings 

EFFECTS OF AMIDOPYRINE OBSERVED IN RHEUMATIC FEVER 

All the drugs used in rheumatic fever are effective, probably through 
purely antisymptomatic properties They are analgesics, antipyretics 
and antiphlogistics With this in mind, a plan of treatment about to be 
described has been evolved m the hospital of the Rockefeller Institute 
for Medical Research The use of one of these agents is indicated in 
any of the following circumstances (1) pain or discomfort arising 
from arthritis, pericarditis or pleurisy, (2) exhausting fever, and (3) 
extreme “toxicity ” The dose is increased until a therapeutic result is 
secured, the only limitation being evidences of intoxication from the 
drug Then, an effort is made to maintain, as it were, a balance between 
the effects of the disease and the counter-effects of the medication In 
other words, after the requisite daily dose is determined, it is lowered 
slightly from time to time, particularly on any evidence that the disease 
IS less active, in order that the dose may be kept at the lowest level • 
effective An example of this is demonstrated in chart 1 In the case 
illustrated in the chart the dose was gradually reduced beginning on 
May 27, and the drug was discontinued on June 5 There was immedi- 
ate relapse A second withdrawal seemed indicated on June 24, but 
aftei a slight reduction from the previous level, symptoms reappeared 
(The temperature elevation, fiom July 20 to 25, which was not abated by 
increased doses of amidopyrine, was thought to be due to the effect of 
hot weather on a patient with inadequate blood circulation During the 
interval indicated, the temperature in this patient’s room occasionally rose 
to 110 F There were no signs that could be interpreted as indicating a 
more active infection Subjectively, there was impiovement A distinct 
loss in weight is to be noted on the chart ) On a third trial, beginning on 
September 27, the drug was withdrawn entirely for a few days It was 
again required , but for the succeeding two mpnths, 0 6 Gm daily 

75 Dandneu, P Empoisonnement par le p^ ramidon, guerison, Pro\ ince med , 
Pans 24 532, 1913 

76 Rotky, H Pyramidonvergiftung, Wien Arch f inn Med 10 595, 1925 

77 Geill, Torben Em Fall von todlicher Vergiftung durch Pyramidon, 
Deutsche Ztschr f d ges gerichtl Med 7 344, 1926 

78 Prouzerque, Remy Note sur la diffusion et la localisation du pyramidon, 

J de pharm et chim 27 372, 1923 
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Chart 1 — The course of patient “Bar " during amidopyrine, digitan and theocalcin therapy IMiId arthritis is indicated by small blocks on the 

appropriate line Intensity of erythema marginatum is indicated by thickness of line marked “Rash” 
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was sufficient, whereas during the five months before that, 0 9 Gm or 
more was required After December 16, a dose of 0 3 Gm kept the 
patient fever-free, although this small quantity was necessary, as dem- 
onstrated after December 31, when it was withdrawn temporarily, and 
the temperature rose to almost 101 F in two days The extent to 
which the activity of the disease has diminished, and consequently the 
daiD dose necessary for effect, can be determined only by such trials 



Chart 2 — The course of the infection in three patients during amidopyrine 
medication Patient “Fox” also received theocalcin and digitan, for the latter 
drug, “R” indicates rectal administration Severe arthritis is represented by heavy 
blocks and mild arthritis b}’’ smaller blocks 

During a period of twelve months, amidopyrine was used m this 
mannei in the treatment of thirty-two patients with rheumatic fever 
In no instance were the therapeutic results observed to differ from 
those of other antirheumatic drugs An analysis of the results yields 
the following generalizations 
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1 Acute attacks of rheumatic fevei weie relieved by small doses of 
amidopyrine (fiom 0 6 to 12 Gm daily), which often were reduced 
01 discontinued within a week Such i espouse in acute involvement 
was observed in recuiiences (four instances) and associated with 
caiditis, pleurisy oi pneumonia (seven instances, including the liist 
tno cases demonstrated in chart 2, patients “Soi ” and “Sch ”) Some 
patients weie severely ill, but small doses effectively lehevcd the 
S}mptoms The tendency to relapse, however, was apparently not 
modified b} this theiap^ 
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2 111 chronic oi subacute phases of the disease, much laigci doses 
(fiom 0 9 to 2 Gm daily) weie usually lequiicd ovei longei peiiods 
of time Case 11, table 1, is an example of this On admission, the 
patient, who was severely ill, was lehcved and his tempeiatuie i educed 
from 103 5 F to subfebiile levels by doses of 0 45 Gm of amidopyime 
daily Nine months later, when he was pei fectly comfortable, although 
maintaining a fever of 101 F , 1 5 Gm daily did not affoid complete 
antipyresis Such subacute stages of the disease, relatively lefiactoiy 
to the antipyretic influence of the diug, were more often encounteied m 
recurrences (five cases, including those demonstrated in chait 3, patients 
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Chart 3 — The course of infection in three patients, all of whom during certain intervals received amidopyrine, 
and during other inteivals, sodium salicylate or neocmchophen Arthritis is indicated as in chart 2 In the case 
of “EdB” nodules are indicated by solid circles 
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'‘Gil” and “Ed B /’ and in chart 2, patient “Fox”) Fundamentally, 
however, chronicity was the factoi that rendeied the patient less amen- 
able to the antipyretic eftects of the drug 

3 Tonsillitis, sinusitis and otitis media \\ere obseived m several 
instances concomitant with active rheumatic fever The temperature 
elevation due to these infections was less responsive to medication than 
that exhibited m cycles not so complicated 

4 The effects were definitely icstncted to antipjresis, analgesia, 
the lessening of exudation and, possibly, the relief from symptoms of 
“toxicity” to a degree unaccounted foi by antipyresis Thus, fever 
might be abolished and the pulse slowed when acceleration was not a 


Table 2 — The Appearance (A), Pe}S!stc}}ce (P) and Disappearance (D) of 
Vaiioits Evidences of Active Rheumatic Disease JVlnlc the Patients vucic 
Receiving Therapeutic Doses of Amidopyrine 
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reflection of caiditis Joint pain might be relieved, and precordial pain 
and tenderness, although due to carditis uninfluenced in its course, were 
often lessened through the analgesic effect (table 2) Occasionally, 
serous pericarditis and pleurisy were apparently hastened to then 
resorption through the anti-exudative action of the diug Joint exu- 
dates responded in the same way, but this effect was often moie slowly 
manifest than the lehef fiom pain and tenderness 

5 The evolution of pathologic changes of a pioliferative natuie in 
the course of the disease was apparently uninfluenced by medication 
The evidence indicated that carditis w^as not allayed Gallop rhythm, 
precordial pain and tenderness and peiicardial mb frequently appeared 
and persisted (table 2) Furthermoie, changes in the electi ocardiogram 
(e g , prolonged conduction time, inverted T waves), persistently rapid 
pulse and the development of murmurs indicating piogressive valvular 
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deformit}, together with inci easing \olume of the heart, were all 
observed duiing the course of therapy Other evidences of persisting 
inflammatory activity of a proliferative chaiacter were not abated 
Table 2 indicates the appearance and persistence of nodules, rash and 
fibrinous pleurisy In addition to these, the presence of leukoc}dosis 
and a downward trend of the weight curve, both valuable indexes of 
persisting infection, were often not modified b} medication 

6 T\\o of the patients observed had chorea in addition to other 
rheumatic manifestations No lessening of the choreic movements was 
observed with full therapeutic doses of the drug 

7 Tonsillectomy and adenoidectoni}'^ weie performed m ten instances 
when the patients \\ere m relativel)'- active stages of rheumatic fever 
With therapeutic doses for a few days before and after the operation, 
relapses, which otherwise piobably ivould have been provoked, did 
not occur 

One case was encounteied m which the symptoms were not ade- 
quately relieved by amidop 3 '^rme (case 24, table 1) The dose was 
raised to 1 8 Gm daih' This kept the temi^erature below 102 F , and 
it fell almost to normal after a week Meanwhile, moderate inflam- 
mation persisted in the joints Othei drugs were not tried, because 
the patient was seveiely ill with carditis, and on previous admission 
it had been found impossible to secure any degree of comfort what- 
ever in this patient with neocmchophen oi sodium salicylate, for dosage 
was restricted by toxic manifestations 

In several instances (chart 3), the action of another drug was com- 
pared with that of amidopyrine The latter, of course, was effective in 
much smaller doses A ratio of 1 6 would roughly expiess the dose 
of amidopyrine equivalent to that of sodium salicylate or neocmchophen 

The effectiveness of small doses is not so important, however, as the 
feasibility of giving full, effective, therapeutic doses without limitations 
imposed by symptoms of toxicity This is illustrated by case “O’B ” 
represented m chart 3 The vomiting and abdominal pain provoked by 
neocmchophen in doses of 10 Gm pei day, which were given on the 
first hvo days of medication, and which, if continued, might have proved 
effective, forced reduction to 5 Gm of sodium salicylate daily This dose 
over a period of twm weeks did not completely control fevei or arthritis 
Of more impoitance were the severe symptoms of toxicity provoked at 
the end of that interval On discontinuing the drug for a few days, the 
temperature lapidly rose to 105 F , then, 09 Gm of amidopyrine in the 
course of one day reduced it to below 100 F Following this, daily 
doses of 1 2 Gm , shortly reduced to 0 9 Gm , afforded complete relief 
without giving rise to an} toxic S}mptoms 

Of greatest importance in our experience w’^as the complete absence 
of side actions and the wade margin betw^een effective therapeutic and 
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the piobable toxic dose These featiues lendeied the diug parti culail} 
valuable in the tieatment of patients in whom caidiac decompensation 
had developed duiing cycles of rheumatic activity The entiie absence 
of gastiic irritation fiom amidopyiine permits the identification with 
cei taint} of the eaihest s}mptoms of cardiac insufficiency arising from 
visceral congestion, such as epigastiic discomfoit and tendeiness, 
nausea and loss of appetite Fuithcimore, in the course of combined 
digitalis and amidopyiine theiap}. the degree of digitaluation may be 
conti oiled with inci eased cei taint}, because one is confident that the 
gastiic symptoms proioked aie due to the foimei ding 

The usual single dose gnen was 0 3 Gm The laigest daily dose 
lias 2 4 Gm In such lelativeh small amounts, the diug showed all the 
therapeutic eflects to be expected fiom medication of this t}pe, ulnle 
no evidence of toxiciU was manifest in any patient One patient 
received 0 9 Gm dail} foi six months, anothei 1 5 Gm daily foi one 
month, and anothei 1 2 Gm daih foi one and a half montlis No 
gastro-mtestmal disturbance, such as anoicxia. abdominal pain, vomit- 
ing, diarrhea or constipation, could be attiibuted to it Thcie weie no 
subjective sensations of diz/mess tinnitus or feeling of fulness m the 
head No indications of kidney damage oi altered icnal secieton func- 
tion weie obscived on ^^eekl} examinations of the uiine With full 
doses, a slight at}pical i eduction of Benedict's solution legularl} 
occurred In only one instance did the mine become pink on standing, 
presumably due to the foimation of lubizonic acid 

SUMMARY AND CONCLUSIONS 

Amidop}rmc has been used uidch as an cltective antip}ictic and 
analgesic m a variety of diseases Excepting the lesults m Uphold 
fever, experience indicates that it may be employed m daily doses of at 
least 3 Gm without provoking symptoms of toxicit} Instances of idio- 
synciasy are less fiequent than with many othei diugs of this tjpe 

In rheumatic fever, it has been found eftectivc m patients not 
leheved by othei drugs or unable to toleiate them m theiapcutic 
doses , and total daily doses of less than 2 Gm have been found ade- 
quate in this disease T. he feasibility of giving effective quantities 
without piovokmg untowaid side actions, as well as the wide maigin 
between therapeutic and toxic doses, lendeis this diug particulaily 
valuable m the treatment of patients unlh iheumatic fcvci 
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Since the employment of the liver treatment for pernicious anemia,^ 
defective formation rather than increased destruction of blood has been 
emphasized by Minot and Murphy,- Peabody ^ and others as the pri- 
mary factor in causing the anemia The chief evidence in support of 
this view IS that the ingestion of adequate amounts of liver is followed 
111 a few days by a sharp rise and fall in reticulocytes, and in a few 
months by a restoration of the blood picture to normal Relatively little 
attention has been given, however, to the fact that within the same time 
all signs of increased blood destruction also disappear 

Although it has long been known that the excretion of urobilinogen 
in pernicious anemia is high, no quantitative studies have been reported 
of the change in the amount of urobilinogen in the feces and urine which 
follows liver therap}’- The results of such a study, complemented by 
corresponding hematologic observations, are described here The 
significance of the observations on pigment metabolism in Addison’s 
“pernicious” anemia is discussed ^ 

The most striking changes following treatment were observed in 
patients with pernicious anemia in a state of relapse In these patients 
the excretion of urobilinogen was found to be many times the normal 
amount This excessive excretion was nearly always associated with a 
serum bilirubin value that was higher than normal, and frequently, but 
not always, with appreciable amounts of urobilin m the urine During 
the reticulocyte cnsis induced by the ingestion of adequate amounts of 

* Submitted for publication, Feb 16, 1931 
From the Department of Medicine and the Department of Biochemistry, 
University of Toronto, and the Medical Service, Toronto General Hospital 

1 Minot, G R , and Murphy, W P Treatment of Pernicious Anemia by 
a Special Diet, J A M A 87 470 (Aug 14) 1926 

2 Minot, G R , and Murphy, W P A Diet Rich in Liver m the Treatment 
of Pernicious Anemia Study of 105 Cases, J A M A 89 759 (Sept 3) 1927 

3 Peabody, F W The Pathology of the Bone Marrow in Pernicious Ane- 
mia, Am J Path 3 179, 1927 

4 A preliminary report of this work was published in the Proceedings of ihe 
American Society for Clinical Investigation, J Clin Investigation 7 510, 1929 
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liver, the excietion of uiobilinogen fell sharply to within noimal limits 
and remained at a normal level as long as this treatment was continued 
At the time of the leticulocyte crisis, also, the serum bihiubm fell to a 
normal value, and uiobilin ceased to be present in the urine in detectable 
amounts 

In cases of peimcious anemia with little anemia the excretion of 
urobilinogen was defimtel}' inci eased, but it was not as high as in severe 
cases Usually theie vas but little inciease m serum bilirubin, and 
urobilin = was not demonstiable in the mine Liver theiapy in such 
patients evoked a low i eticulocyte i espouse with subsequent disappear- 
ance of the maciocitosis and a deciease in the excretion of uiobilinogen 
to noimal 

These obseiiations suppoit the following inteipretation of the exces- 
sive pigment metabolism and of the effect of treatment The abnormal 
led blood cells, showing gieat \aiiation in size and shape with marked 
microcitosis and poikiloci tosis as well as macrocytosis, chai actenstic 
of pernicious anemia in the state of relapse, aie rapidly destroyed There 
is, according!}, an excessive excretion of uiobilinogen associated with 
h}perbiliiubinemia and sometimes with urobilin in the urine® In the 
cases showing little anemia there is general macrocytosis but less vaiia- 
tion in the size and shape of the red cells These more unifoim laige cells 
ha^e a longei life than the iriegular forms present in relapse, but a 
definitely shorter life than that of nonnal red blood cells Theie is, 
therefoie, onl} a moderate increase in the excretion of urobilinogen \Mth 
little change in scrum bilirubin and usually no ui obihnuna ® In both 
types of cases following liver theiap} the bone maiiow produces and 
supplies to the blood stream cells which become progressively moie 
normal and which are less lapidly destioycd According to this vien, 
the pnmaiy factor in the excessive pigment metabolism is an abnoimahty 
of the red blood cells, one of the consequences of which is that they aie 
more rapidly destroyed 

METHODS 

The uiobilinogen was estimated by the method of Terwen,® except in 
some of the eailier woik, m which a band extinction method was 
employed The values given in the tables are those for the stools only 

5 Throughout the paper the term “uiobilinogen” is used in referring to the 
pigment in the stools and "urobilin” for the pigment in the urine The pigment 
m the stools was measured as urobilinogen and the urine was tested for uiobihn, 
any urobilinogen present being first oxidized to urobilin The tests used for 
urobihn are not sufficiently delicate to detect the small amounts present in noi mal 
urine Hence, it is frequently stated that no urobilin was found m the urine 

6 Terwen, A J L New Method for Quantitative Determination of Uro- 
bilin in Urine and Faeces Preparation and Properties of Pure Urobilm Arch f 
klin Med 149*72, 1925 
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as the amount excreted in the urine, even in cases with maiked uiobil- 
inuiia, was seldom as great as 5 per cent of that found in the stool 
The presence of urobilin in the urine was detected by the copper sul- 
phate chloroform and zinc acetate methods Seium bilirubin was 
estimated by the Thannhauser and Anderson modification of van den 
Bergh’s method as described by McNee and Keefer'^ Results are 
expressed in van den Bergh units Hemoglobin was measured in a 
Sahh hemoglobmometer corrected for the standard of Haden ^ The 
percentage of reticuloc)d;es was obtained by counting the number of 
reticulocytes among 1,000 red blood cells distributed in various parts 
of a smear that had been vitally stained with brilliant ciesyl blue 

Ui ohihnogen in Feces Zinc Acetate Method (Band Extinction Method) — 
The method employed for the determination of urobilinogen in the stools by ihc 
band extinction method was essentially that of Elman and McMaster ® The 
specimen of stool was made up to 1,000 cc with water A 25 cc aliquot was 
shaken violently in a mechanical shaker for one hour with 75 cc of acid alcohol 
(1,600 cc of 95 per cent methylated alcohol and 25 cc of concentrated hydrochloric 
acid made up to 2,500 cc with distilled water) After shaking for one hour, there 
were added to 25 cc of the mixture 1 Gm of solid zinc acetate and 25 cc of a 
saturated solution of zinc acetate in 95 per cent methylated alcohol The mixture 
was shaken violently for a few moments and filtered To the clear filtrate a 
few drops of tincture of iodine were added to convert the remaining urobilinogen 
to urobilin It was not found necessary to leave the mixture of stool and acid 
alcohol standing overnight m order to permit the oxidation of the urobilinogen to 
urobilin The same results were obtained whether the determination of the urobilin 
was carried out immediately after extraction or twenty-four hours later 

The determination of the urobilin content consisted of the dilution of the 
filtrate containing tincture of iodine and already diluted with an equal volume of 
a solution of saturated zinc acetate, with a standard diluting solution until the 
characteristic band of urobilin was no longer visible when the solution contained 
m a 15 mm test tube was viewed with the slit of the spectroscope so adjusted 
that the strongest Frauenhofer lines of the solar spectrum were just visible The 
standard diluting solution was also that of Elman and McMaster, consisting of 
2,000 cc of 60 per cent alcohol, containing 50 Gm of zinc acetate and 2 cc of 
concentrated hydrochloric acid filtered repeatedly until perfectly clear The 
amount of urobilin present in the specimen is expressed by the dilution required 
for the extinction of the band It was found that this dilution value, by coin- 
cidence, corresponded roughly with the excretion of urobilinogen expressed in 
milligrams as determined by the method and standard of Terwen This was true 
especially for the higher concentrations of urobilinogen m the stool 


7 McNee, J W, and Keefer, C S The Clinical Value of the van den 
Bergh Reaction for Bilirubin in Blood, Brit M J 2 52, 1925 

8 Haden, R L The Normal Hemoglobin Standard, J A M A 79 1496 
(Oct 28) 1922 

9 Elman, R, and McMaster, P D Studies on Urobilin Physiology and 
Pathologj’^ I The Quantitative Determination of Urobilin, J Exper Med 41 
503, 1925 
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Uiobihnogcn vi Feces 1 mven's Method^— Most of the estimations of uro- 
bilinogen excreted in the feces were made with the method of Terwen At first 
the daily specimens, later the specimens for three days, were thoroughly mixed and 
a 5 Gni aliquot, or more, depending on the concentration of urobihn in the stool, 
was weighed out on paraffined filter papers Ihe stool was scraped off the filter 
paper, ground up in a mortar w'lth distilled air-free water and made up to 50 cc 
Fifty cubic centimeters of a 16 per cent solution of ferrous ammonium sulphate 
was added and then, with continuous stirring, 50 cc of 12 per cent sodium 
hydroxide The mixture was transferred to a flask, stoppered so that all air 
w'as excluded, and set aw'ay in a dark room overnight at room temperature 

At the end of this period the mixture w'as filtered through a folded filter paper 
Tw'o cubic centimeters of the filtrate was transferred to a small separating funnel . 
from 0 5 to 1 cc of a 20 per cent solution of tartaric acid (to acidify the solution) 
and 20 cc of ether (wdiich preiioush' had been w’ashed with 30 per cent sodium 
Indroxide and four times with air-free distilled water) were added The mixture 
was shaken violentW, approximately sixty times, in the stoppered separatory 
funnel Ten cubic centimeters of the supernatant ethereal solution was measured 
into a second separator!, funnel, and a knife point of Ehrlich’s aldehjdc and 10 
drops of concentrated Indrochloric acid were added This mixture was shaken 
for exactly one and a half minutes, a small amount of air-free distilled water 
was added and finalh enough saturated sodium acetate, usually 2 cc, to render 
the solution no longer acid to congo red After a short period of further violent 
shaking, the colored compound of urobilinogen wnth Ehrlich’s aldch>dc was dis- 
solved m the lower aqueous solution This was run off To the remaining super- 
natant ethereal solution 5 drops of concentrated hvdrochloric acid was added and 
the solution again shaken for one and a half minutes , 1 cc of a saturated sodium 
acetate solution was added with a little more water, the mixture was again 
shaken and the colored aqueous solution again run off This was repeated until 
there w'as no significant amount of color m the aqueous solution 

The different fractions of colored solution were joined and diluted until thc 
intensity of color was approximately equal to that of the standard solution The 
standard color solution consisted of 1 0 cc of a 0 05 per cent solution of phenol- 
phthalem in absolute alcohol and 5 cc of saturated sodium carbonate (at room 
temperature) diluted to 100 cc The unknown w'as compared witn the s»andnrd 
in the colorimeter According to Terwen, the intensity of color m the standard 
solution IS equivalent to that of a solution of 04 mg of urobilinogen per hundred 
cubic centimeters From this value, the total weight, dilution and colorimetric 
readings were converted to the number of milligrams excreted 

Uiobilin m Uiinc — In the urine, any urobilinogen present was first oxidi/ed 
to urobilin and its presence as such determined by cither the copper sulphate- 
chloroform or the zme acetate method, the former method has been used .is a 
routine test in the Toronto General hospital for a number of years since its 
introduction by Dr F W Rolph Ten cubic centimeters of urine is acidified 
with a few drops of 10 per cent acetic acid, and 1 cc of 20 per cent copper 
sulphate is added to oxidize any urobilinogen present to diobiliii Two cubic 
centimeters of chloroform is introduced and the lube is allowed tc stand ovci niglit 
The urobilin passes into the chloroform layer, coloring it ycllowush to pmk 
dependmg on the acidity The characteristic band is seen m the spectrum The 
zinc acetate method was frequently used m addition The two tests are about 
equally sensitive and neither gives a positiv'-c reading w'lth normal urine 
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METHODS AND TREATMENT USED IN THE WARD 

The stools were collected daily and kept in covered cardboard boxes 
At fii St the determinations of urobilinogen were made every day Later 
It was found that the value for the mixed stools of three consecutive 
days was essentially the same as the sum of the three separate determina- 
tions From this time on the stools were mixed in three day periods 
In order to secure stools as regularly as possible frequent small doses of 
cascara were given when necessaiy In some cases of combined degen- 
eration of the spinal cord it was especially difficult to obtain daily speci- 
mens even with the employment of cathartics In such circumstances, 
when there was no stool on a given day, a small saline enema was 
administered the following morning In spite of these precautions, there 
was considerable variation in the weight and urobilin content of the 
grouped three day stools of these patients 
, In nearly all the cases reported here the daily intake of fat, carbo- 
hydrate and protein was kept constant throughout the period of observa- 
tion, and in some cases the same articles of food were given each day 
Toward the end of this study when it had become clear that the diet was 
not an important factor in the excretion of urobilinogen, greater variety 
was allowed 

After periods of observation of varying length, depending on the 
patient’s condition, some form of liver theiapy was administered One 
patient received the Eh Lilly extract derived from 300 Gm of whole 
liver , some were given cooked whole liver in amounts varying from 100 
to 300 Gm daily, and others were given the juice expressed under pres- 
sure from minced whole liver that had been steamed for one-half hour 
The latter preparation, which has been in common use in this hospital, 
IS easily taken, and when the juice from 300 to 600 Gm is given daily, a 
good reticulocyte response is induced In two cases, a period in which 
ineffective extracts were given preceded adequate liver therapy In most 
instances dilute hydrochloric acid was not prescribed 

The urobilinogen excretion of a number of normal young physicians 
and several patients with chronic neurologic disease was also determined 
Of the latter group none had any symptoms or signs of disease of the 
liver or blood-forming organs, and all were in a state of good nutrition 
and good general health One of them received a high fat, low carbo- 
hydrate diet , another was given in four successive periods, each of from 
ten to fourteen days’ duration, the ordinary ward diet and diets high in 
carbohydrate, protein and fat, respectively The results showed clearly 
that even these radical changes in diet did not alter the amount of 
urobilinogen excreted 

In order to observe the changes in pigment metabolism in conditions 
in which increased destruction of blood is known to occur, the excretion 
of urobilinogen was followed in a case of polycythemia vera treated 
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vigorously with phenylhydrazine and in a case of dementia paralytica 
treated with malaria Concomitant observations of serum bilirubin, red 
blood cells, white blood cells and hemoglobin weie made before, during 
and after treatment 

REPORT OF CASES 

Cases of Pcnuctous Anemia m Relapse — Case 1 — M G , the patient, 
aged 59, had a typical case of pernicious anemia and had been ill for 
four or five years On admission in his third severe relapse he was weak and 


Table 1 — Results of Liver Theiapy m Case i 
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* 51 G , C7 IvR In vclRht, ivltli u sc\cre case of pcrniclou° nncmin, was treated with 100 Gm 
of whole liicr dally, bcglnnlnB on June 21, 1029 


pale and had a slight icteric tint The hemoglobin content was 24 per cent, and 
the red blood cell count, 1,000,000, the blood smear showed the marked macro- 
cytosis, microcytosis and poikilocytosis characteristic of the state of relapse He 
was given daily the rather small dose of 100 Gm of cooked whole liver, which 
nevertheless induced a definite reticulocyte response Observations were begun 
one week before the administration of liver and were earned on during the first 
three weeks of this treatment The results are shown in table 1 and chart 1 

The striking feature here, found also m other seveie cases of per- 
nicious anemia, is the sharp change in the excietion of urobilinogen 
Initially there was a very great output of urobilinogen, which peisisted 
after the beginning of livei therapy until the appearance of the reticulo- 
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cyte response Beginning at about the peak of this response the excre- 
tion of urobilinogen fell sharply to noimal within a few days Initially 
the serum bihiubin was also increased and it, too, fell to normal during 
the reticulocyte crisis It is noteworthy that this excessive excretion of 
urobilinogen in the stools and the definite increase in serum bilirubin 
were not accompanied by the excietion of demonstrable amounts of 
urobilin in the urine 

Case 2 — A G , the patient, aged 59, had been treated in the hospital in 1928 
during a former severe relapse At that time, although the stools were collected 
irregularly, there was a tremendous excretion of urobilin associated with a 
definite increase in serum bilirubin, but demonstrable amounts of urobilm occurred 
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Chart 1 — Results in case of pernicious anemia in severe relapse (case 1, M G , 
showing hemoglobin 24 per cent, red blood cells 1,000,000 and white blood cells 
2,000) In this and the following charts, the broken line indicates the serum 
bilirubin in van den Bergh units , the solid line, percentage of reticulocytes, and 
the cross-hatched area, milligrams of urobilinogen m the stool daily 


in the urine only on rare occasions He responded well to treatment and was 
discharged m April, 1928, with a hemoglobin content of 75 per cent, red blood 
cells numbering 3,600,000, a normal excretion of urobilinogen and a normal reac- 
tion of the serum to the van den Bergh test He ceased to take liver a few days 
after his discharge, and he returned to the hospital m a severe relapse on Jan 1, 
1929 After a seven day observation period he was given, for fourteen days, a 
liver extract that proved to be ineffective During this two weeks he became 
worse, although there was a slight increase m reticulocytes The juice expressed 
from 800 Gm of liver was then given daily He responded well with a high 
percentage of reticulocytes and corresponding general improvement The results 
are shown m table 2 and chart 2 
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The excretion of uiobilinogen and the seium bihiubin values befoie 
treatment weie highest in this senes Toward the latter part of the 
reticulocyte response the serum bilirubin fell abiuptly Unfoitunately 
the stools weie lost for the few days just at the time that adequate liver 

Table 2 — Results of Livci Tliciapv in Caic 2 ' 
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1929, liG ■ivns Ri'ien an inolTocthe extract BeprinnlnK on Tnnnnrj 22, lie rccencd the juice 
exprcHocd from 800 Gm ol li\er dnib Tlic rocults arc tabulated in periods, usually ol three 
days each, during T\hich all stools uere mixed for urobilin determination When any of the 
other values changed materially during a gl\en period the dailj values for that period arc 
given In order from abo\o downward in the appropriate column 


therapy was begun The cuives show, howevei, that the excietion of 
urobilinogen had deci eased befoie the peak of the leticulocyte ciisis 
Ten days after the fiist administiation of “livei juice” the urobilinogen 
excreted was about one-tenth its initial value, and this low level was 
maintained six weeks after the termination of the reticulocyte response 
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In this case there was a striking increase in the amount of urobilin in 
the urine when the patient became worse during the administration of 
the ineffective extract At the same time, the serum biliiubin increased, 
the blood nonprotein nitrogen rose from 45 to 65 mg per hundred cubic 
centimeters, the bleeding time was prolonged and purpura appeared , the 
heart was dilated and the liver enlarged The patient became extremely 
ill, stuporous and somewhat incontinent of urine and feces Although 
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Chart 2 — Results in case of pernicious anemia in severe relapse, in which an 
ineffective extract and then adequate liver therapy were given (case 2, A G, 
showing hemoglobin 32 per cent, red blood cells 1,200,000 and white blood cells 
S,400) 

many factors had changed, it is probable that the inci eased urobilinuria 
is to be attributed to the damage to the liver that occurred at this time 
During the downward curve of the reticulocyte response the urobilinuria 
ceased and, at the same time, there was general impi ovement in the con- 
dition of the patient his mental state cleared, he improved quickly in 
strength and sense of well being , the liver became nonnal in size , bleed- 
ing time decreased and purpura disappeared, the nonprotein nitrogen 
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and seium bilirubin ^alues fell to noimal and hencefoith favorable 
progress continued 

Case 3 — F , the patient, aged 82, had suffered from slowly increasing 
weakness and lack of energy for two or three years In the last three months 
before her admission to the hospital, on Oct 10, 1928, she became much worse 
There were marked pallor, great weakness, generalized edema and drowsiness 


Case 3 — Results of Liver Thciapy in Case 3"^ 
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* A r , aged 82 >cnrF, 40 Kr in -\vclRht, hnd pernicious nncinin She wtiB unpro\inK in n 
^ontancous remi'^sion nhen an acute otlti*: media developed, on Oct 28, 192S BcRinnlng 
October 29, she uas triion daily an cNtract ot SOO Gm of liver Tlio results arc tabulated in 
three day periods When values chanred daiiv the values for each day of a Ki\en period are 
gnen in order, from aboie donnvard, in the correspondine column, otherwise, just one 
flRurQ is Ruen for tlio three day period 


The hemoglobin content was 18 per cent, and tlic red blood cells numbered 900,000 
She improved spontaneously and by the time liver treatment was given, the hemo- 
globin had risen to 34 pei cent and the reticulocytes to 6 3 per cent of the red 
cells At this time an acute otitis media dc\ eloped and her condition became 
serious She was gi\en an extract of 300 Gm of liver daily After a few days 
there was a further sharp increase in reticulocytes to 192 per cent The otitis 
media subsided folloiving paracentesis and the patient improved rapidly The 
results are summarized in table 3 and chart 3 This patient made an excellent 

recovery and now' after more than one year on liver therapy she continues to feel 
well 
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An interesting featuie of this case is that, in spite of a definite 
spontaneous increase in reticulocytes and an mci easing concentiation of 
hemoglobin the excretion of urobilinogen was great and lemained so 
until just before the reticulocytes rose to a much higher level following 
the administration of livei extiact During this induced leticulocyte 
crisis, the excretion of urobilinogen fell to normal 

The output of uiobilinogen in this instance was, howeiei, less than 
that in equally seveie cases in which there was no spontaneous increase 
m 1 eticulocytes and in which the hemoglobin was either stationarj or 
falling In this case, also, the urobilin m the urine definitely inci eased 
when the patient became quite ill with otitis media and disappeaied at 



Chart 3 — Results in case of pernicious anemia in severe relapse in woman, 
aged 82, with spontaneous reticulocvte response (case 3, A F , showing initialh 
hemoglobin 18 per cent, red blood cells 900,000 and white blood cells 4,500) 

the peak of the reticulocyte response Three months after the begin- 
ning of livei treatment the output of uiobilinogen Mas still within the 
noimal limits 

In table 4 are presented values for the excietion of uiobilinogen, 
tan den Bergh test of the serum, reticulocyte percentage and red blood 
cell count in four other cases (cases 4, 5, 6 and 7) of severe pernicious 
anemia before and during the first few weeks of livei treatment In all 
four cases there was an initial ver}'’ great output of urobilinogen, which 
fell oS sharply during the reticulocyte response The seium bilirubin 
also reached normal levels dunng this period, and uiobihnuna when 
present, disappeared before the end of the crisis 
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It IS interesting to note the absence of paiallelism between the values 
foi fecal ui obi Imogen and seium biluubm and the piesence of urobilin 
in the uiine With a fecal uiobihnogen output of 493 mg daily, case 4 
showed a slight mciease in seiuin bilnubin, and a tiace of urobilin m the 
mine on one occasion onh The initial scrum biliiubm m G M (case 6), 

4—Sumiitaiv of Rl';uI(<; hi Foin Caca of Pinuriou<; Aitcuua m Relapse ^ 
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? A^era^,e \uluc In control period 

"The first line of figures rKcs the fl'Nernrc Miluc ohtulnod before the beginning of li\or thcriipy In the 

second line are the values obtained for the first <laj on A\hlih liver vas Ri^on, and suceecdlng lines In order are 

for succeeding dajs 

t This patient, a nioderatelj se\ere case of pernidous aiHjnia, nas freated dnilj nith III Lilh Ihcr extract 
mado from 300 Gm of ll\er In .luiu and .Tuls, Jn this (ase istmiations of urobilin were iiiado bj the band 

method All the others In this table were made bj the 'J'crwdi method 

♦u patient, in fairlj severe relapse, was treated with tlie juice from 1,000 Gin of liver daily in Maj, 1020 , until 

II ”iSi ‘ daj, from then on he was given the juice of 000 Gm of liver dallj 
1 f M patient vvas In his second severe relapse, and was v<rj ill lie was treated with juice from 1,500 Gm of 
‘"cr oal y for the first eleven days, then juiec from 1,000 Gin duil> 

" bad a typical severe relapse He was given tlrst an inadenunle extract for eleven dajs, then, 

irom the twelfth day on, COO Gm of whole liver plus juice from COO Grn of liver dallv Showed rapid improvement 


who was seiiously ill on admission and became much woise in the next 
few days, was 2 2 units It losc to 4 0 units His mine gave stiong 
tests foi urobilin G D (case 7) with a vei-y gieat fecal urobilinogen 
excretion also showed considciable amounts of moliilm in the urine, but 
his serum bihrubm did not i ise at any time above 2 units Like G M . 
he was also seiiously ill 
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In a much largei senes of cases than are reported here it has been 
common to find serum bilirubin values ranging from 2 to 4 units in 
patients with pernicious anemia in relapse Large amounts of urobilin 
in the urine have been found only in those patients who were exception- 
ally ill, as in cases 2, 3, 6 and 7 of this senes 

These cases of pernicious anemia in relapse show with striking 
regularity thd rapid decrease in a high excretion of urobilinogen coinci- 
dent with the latter part of the reticulocyte response Beginning at about 
this time also the pi oportioii of reticulated cells of normal size increases 
rapidly and the extremely large, as well as the very small and deformed 
cells 111 the smear become progressively fewer, so that by the time the 
reticulocytes have fallen to less than 2 per cent of the red blood cells the 
smear presents a much more normal appearance In many instances also 
the color index at this stage has fallen to less than 1 

So rapid a disappearance of the grossly abnormal cells must, it seems, 
be due to actual destiuction There are no reasons for believing that 
they could be transformed so quickly into cells of nearly normal size 
and shape On the other hand, the view that they have been destroyed is 
suppoited by the constant association of a high urobilinogen excretion 
with the presence of marked variation in the size and shape of the 
majority of the red blood cells, by the sharp drop in excretion of urobi- 
linogen as the red blood cells rapidly become more normal in appearance, 
and by the peisistence of a normal output while the hemoglobin and red 
blood cells increase and so long as normal values are maintained 

Cases of Peimaons Anemia with Ltttle Anemia Frequently Piesent- 
mg Symptoms and Signs of Subacute Combined Degeneration of the 
Spinal Coi d — A number of cases of pernicious anemia were observed at 
periods of the disease when the hemoglobin and red blood cells had not 
fallen to very low levels Such patients frequently complained of symp- 
toms of subacute combined degeneration of the cord, although a few 
sufleied chiefly fiom inci easing weakness before there was any well 
marked degree of anemia The blood smear usually showed a general 
maciocytosis with few microcytes or poikilocytes The blood picture, 
however, varied m degree fiom a condition of mild anemia and general 
faiily unifoim macrocytosis to a state of moderate anemia with increas- 
ing microcytosis and poikilocytosis The excretion of urobilinogen and, 
to some extent, the serum bilirubin also varied con espondingly In 
none of this gioup was there any appreciable amount of urobilin in the 
urine 

Case 8 — H S, the patient, aged 67 , had been treated in the hospital in 
1926 for pernicious anemia in severe relapse Since discharge he had taken liver 
irregularly, never in adequate amounts For some months before readmission on 
Oct 26, 1928, he had suffered from A\eakness, lack of energy, and numbness and 
tingling of the hands and feet His condition was relatively stationary during a 
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preliminary period of three weeks. Ins hemoglobin averaging 63 per cent He was 
then given daily the juice expressed from 600 Gm of liver There followed a 
low reticulocyte response w'lth definite clinical improvement and a gradual rise 
of the hemoglobin and red blood cells to normal The results are presented in 
table 5 and chart 4 

The initial excretion of urobilinogen was definitely above the upper 
limit of noimal, the seium bilirubin was noimal, and there was no 
uiobilin in the urine Duiing the leticulocyte i espouse the uiobilmog'en 
output decreased somewhat, but after more than a month of hvei therapy 

Table 5 — Results of Lxva Thctapy xn Case 8* 
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* H S, 54 Kr in -nciBht, hnd pernicious nnemin with sliRlit nncmln, ho ivas treated with 
the juieo expressed from GOO Gm of liver dnil>, beglnninu on Nov 20, 102S 


it was still at a lathei high level A slight but definite maciocytosis 
peisisted Five months later, when the blood smear was noimal, the 
excretion of urobilinogen had fallen to an aveiage noimal level 

In table 6 are piesented data obtained from the three following cases 
of pernicious anemia with subacute combined degeneiation of the spinal 
cold 

Case 9— H D had become unable to walk before the development of the 
anemia On admission to the hospital his hemoglobin was 78 per cent, the led 
blood cells numbered 3,300,000 and the smear showed a well marked macrocytosis 
He was obstinately constipated and the stools obtained with purgatives and enemas 
varied greatly in size Before liver therapy the average daily output of uro- 
bilinogen in a twelve day control period was 195 mg After a low reticulocyte 
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response the average for fifteen days was 114 mg At the end of this time a 
slight anisocytosis persisted although the majority of the cells were normal in 
size Later, when the blood smear was normal there was no opportunity to 
measure the excretion of urobilinogen 

C\sc 10 — J W was admitted with a complaint of difficulty in walking He 
had been under liver therapy for over two years, during most of which time he 
was well For many months, however, to save expense he had taken the extract 
of. only one-third pound (151 Gm ) of liver daily Even on this small dose he 
felt well until two months before admission, when stiffness and unsteadiness in 
walking began His gait became progressively worse and he also suffered from 
some general weakness and lack of energy On admission to the hospital his 
hemoglobin was 70 per cent and the red blood cell count, 2,700,000 The smear 
showed a definite anisocytosis with frequent large polychromatic cells, many 
normal-sized cells and some microcytes Following the daily administration of 



Chart 4 — Results in case of pernicious anemia (case 8, H S, showing hemo- 
globin 65 per cent, red blood cells 2,500,000 and white blood cells 5,200) 


the juice from 800 Gm of liver, he impro\ed greatly in general strength and 
sense of well-being, the reticulocvtes fell to less than 0 5 per cent and the hemo- 
globin and red blood cells rose to normal The excretion of urobilinogen could 
not be measured for more than two days before liver was given An estimate 
of the quantity of urobilinogen excreted before treatment was obtained by aver- 
aging the output for these two days with that of the next four days, which gave 
the value of 244 mg per dav Then followed a rapid decline to less than 100 
mg per day, at the same time the abnormal conformation of the red blood cells 
became much less marked 

Case 11 — On admission to the hospital, W O presented a typical picture of 
severe combined degeneration of the spinal cord with general weakness and lack 
of energy and a moderate degree of anemia His hemoglobin was 59 per cent, 
the red blood cell count, 2,800,000 There was marked variation m the size and 
shape of the red cells with well marked macrocytosis and definite microcytosis, 
llie blood picture of pernicious anemia in relapse Following the daily ingestion 
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of the juice expressed from 600 Gm of whole liver, the reticulocytes rose to a 
peak of 20 per cent on the eighth day, by which time most of the reticulocytes 
were of normal size The urobilinogen of the feces, measured by the band method, 
fell from an initial lerel of almost 300 mg daily to less than 75 mg daily after 


Table 6- 


-Summaty of Results m Thee Cases of Petmewus Anemm 
Subacute Combined Degeneiation of the Coid and Mild 
Moderate Anemia 
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♦ As m table 4 the first line of figures gives the nverngo value obtained before the beginning 
of liver therapy, in the second line arc the values for the day on which Iher was first given, 
and in subsequent lines, in order, the values for succeeding days 

t This patient had severe disease of the spinal cord and a little anemia He was treated 
witli 200 Gin of whole liver datlj The red blood cell count rose somewhat slowly to 5,100,000 
in two months 

} This patient had moderately severe disease of the spinal cord Beginning March 18, 1929, 
he was criven luico c\pressed from 800 Gm of liver daily 

11 This case showed seiore combined degeneration of the spinal cord, the symptoms and 
blood picture were those of early rclap‘-e Beginning Sept 24, 1928, the patient rcceiied the 
ouiM expressed from COO Gm of Iner daily O’he urobilinogen determinations in this case were 
made by the band method, and the figures tliercfore represent only approximate values 


the reticulocyte i espouse Although the anemia in this case was not severe, the 
symptoms and blood picture were those of pernicious anemia in mild relapse 
Associated with the greater abnormality m the appearance of the red blood cells, 
the excretion of urobilinogen was higher than in the two preceding cases With 
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a good reticulocyte response the output of urobilinogen fell sharply to normal 
and, at the same time, the extreme macrocytosis and microcytosis disappeared 

A Ca~se of Pernicious Anemia vnth Scveie Anemia and Combined Degenera~ 
tion of the Cord in Which the Response to Liver Therapy Was Unusually Slow—^ 
Case 12 — R , the patient, admitted to the hospital on April 13, 1929, had 
been treated in the hospital on previous occasions for pernicious anemia and 
chronic bronchitis with pulmonary emphysema On his discharge in July, 1928, 
his hemoglobin was 91 per cent , he felt fairly well and was able to work Since 
that time he had taken very little liver and after a few months he began to fail 
gradually in strength, weight, color and sense of well-being He also suffered 
from unsteadiness and weakness, which grew worse until he became unable to 


Table 7 — Results of Liver Theiapy in Case 12* 
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* J R , ■weighing: 6l Rg , had severe pernicious anemia with subacute combined degeneration 
of the cord He received the juice from 800 6m of hver daily, beginning on April 20, 1029 The 
results are tabulated in periods during which stools were mixed for urobilinogen determinations 
Representative values of other factors for each period are given 
t Occasional 


walk He was admitted in a weak condition, presenting signs of advanced sub- 
acute combined degeneration of the cord A summary of important laboratory 
observations is given in table 7 and chart 5 

His hemoglobin was 35 per cent , the red blood cells numbered 1,560,000, and 
the smear showed definite but not extreme macrocytosis, microcytosis and poikilo- 
C 3 tosis He was given daily the juice expressed from 800 Gm of whole hver, 
but the response to such a large dose was small at first and very slow The 
reticulocytes reached a peak of only 5 per cent on the fifteenth day and then 
gradually fell off After eighteen days of treatment with liver there was still 
marked macrocytosis and microcytosis and as yet no appreciable increase in the 
hemoglobin percentage or red blood cell count In the next few weeks, however, 
the amsocytosis became much less marked and the hemoglobin and red blood cells 
began to increase and from this time on the patient improved rapidly 
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The 1 espouse in this instance was similar to that in a case desciibed 
hy Minot, Murphy and StetsoiM® Then patient showed no distinct 
reticulocyte i espouse and little inciease in the red blood cell count in the 
first SIX weeks of tieatment, but aftei this period the led blood count 
lose lapidly to noimal 

The initial uiobilinogen output aveiaged 229 mg dail), definitely a 
lowei value than is usually found with such a degiee of anemia iii 
peiniaous anemia The patient was obstinately constipated, howevei, 
and the stools accoidingly iriegular in size In spite of this iiiegulaiity 
It is deal that a high uiobilinogen output peisisted for ovei thiee weeks 
aftei the institution of livei tieatment As the chaiacter of the smear 
began to change and the hemoglobin and led blood count began to rise, 
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Chart S — Results m case of pernicious anemia in relapse, with extensive sub- 
acute combined degeneration of the cord (case 12, J R , showing initially hemo- 
globin 35 per cent, red blood cells 1,600,000 and white blood cells 2,100) The 
hematologic response to liver therapy nas slow and the excretion of urobilinogen 
remained at a high level for a corresponding period 


the excietion of urobilinogen fell to a definitely lowei level Thiee and 
one-half months later, tvhen the smear was iioimal, the hemoglobin 
90 per cent and the led blood cell count 4,900,000, the excietion of 
urobilinogen was well within noimal limits 

This case clearly illustiates the lelation of the high output of 
urobilinogen to the grossly abnoimal icd blood cells In spite of the 
ingestion of laige amounts of livei the lesponse of the bone maiiow 
was veiy slow and the smear letamed the charactei istics of pernicious 


10 Minot, G R , Murphy, W P , and Stetson, R P 
Reticulocj tes to Liver Theiapv, Particularly m Pernicious 
Sc 175 581, 1928 


The Response of the 
Anemia, Am J ]\I 
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anemia As long as the marked anisocytosis peisisted, the excretion of 
large amounts of mobihnogen continued When the red blood cells 
became more normal in appearance in the third and fourth weeks, the 
output of urobilinogen fell off and the hemoglobin and led blood cell 
count rose Later, when the red blood cells appeared normal, the excre- 
tion of urobilinogen was also noimal It may be noted that in this case 

Table 8 — Urohihnogen Content of the Stool m Fme Physicians and Five 
Neill ologic Patients on Vaiious Diets'^ 
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* The days are numbered consecutively from the first day on aThich urobilinogen deter 
mimtions were made The stools uere mivcd usuallj in three day periods, occasionally m 
tvro or four day periods 
t Ordinary mixed diet 


urobilmuria persisted as long as the high excietion of urobilinogen m 
the feces continued 


EXCRETION or UROBILINOGEN IN OTHER CONDITIONS 

In order to appreciate the significance of the excietion of urobilin- 
ogen in cases of pernicious anemia, the urobilinogen of the stool was 
measured in a number of normal persons, in several patients with chronic 
neurologic diseases but good general health, in one case of polycythemia 
and in two patients with dementia paralytica m whom malaria was pro- 
duced for therapeutic purposes 
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Normal Exaehon of Urobilinogen — The values foi excietion of 
uiobilinogen of five healthy physicians and five neuiologic patients are 
given in table 8 All ten pei sons had a normal i ed blood cell count, a 
normal peicentage of hemoglobin, and noimal seium bilirubin (less than 
1 unit) None pieseiited symptoms oi signs of disease of the hvei 
None had uiobilmuiia 

The five physicians took the same oidinaiy mixed diet One of 
them (T A C ) had an unusually large excretion of urobilinogen, 
averaging 128 mg pei day and amounting to moie than twice that of 
any of the other contiols No leason foi this variation was found 
This value, however, lies within the noimal lange as desciibed by 
Lichtenstein and Teiwen 

Of the neuiologic patients, thiee weie on oi dinar} ward diet One 
was given a diet with a high fat and low carbohydrate content in tieat- 
meiit for epilepsy The aveiage daily output of uiobilinogen m a seven- 
teen day period was 56 mg , a figuie well within the nonnal limit The 
othei, afflicted with Fiiedieich’s ataxia and lying m bed all the time, 
was given in succession the oidmaiy ward diet for eleven days, a diet 
with a high caibohydiate content foi eleven days, a diet with a high 
protein content, including 200 Gm of whole hvei, for thiiteen da}s and 
a diet with a high fat content foi eight da}s The aveiage daily excie- 
tion foi these different peiiods vaiied only fiom 55 to 56 mg, thus 
showing that radical changes in diet did not affect the output of uio- 
bilmogen It is of especial interest that the ingestion of 200 Gm of 
whole Iner daily by this patient failed to alter the excietion of 
urobilinogen 

The aveiage daily output of uiobilinogen of the ten subjects vaiied 
from 24 to 128 mg In patients with pernicious anemia such values 
weie obtained -at oi soon aftei the teimination of the ieticuloc}te 
lesponse In the cases studied, the average daily excretion foi the last 
SIX days of obseivation was between 50 and 90 mg, and one patient 
who had been under treatment foi two yeais excieted 36 mg pei day in 
a nine day peiiod 

The variation m the excretion of urobilinogen from peiiod to peiiod 
in a given person was laigely dependent on the size of the stool, but in 
different pei sons there was consideiable vaiiation in the latio 

Weight of stool, Gni 
Urobilinogen content, mg 


Induced Destruction of Blood and Exaehon of Urobilinogen It 

was important to ascertain the effect of induced destiuction of blood 
on the excretion of urobilinogen An excellent opportunity was pro- 


11 Lichtenstein, A, and Terwen, A J L 
Urobilin, Arch f khn Med 149 102, 1925 


Blood Molting and Excretion of 
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Mded by a case of polycythemia veia obseived befoie and dm mg tieat- 
ment iMth phenylhydrazine 

Casf 13— S H, aged 55, presented a tjpical picture of this condition On his 
admission to the hospital, in June, 1927, the red blood cell count was 10,600,000 
and the hemoglobin 126 per cent After observation for one \^eek he was given 
02 Gm of phenylh 3 'drazine h 3 ''drochlonde dail 3 f for fourteen da 3 ’^s During this 
time the urobilin content of the stools and urine, the serum bilirubin, the hemo- 


T \BLE 9 — OhseivaUons m a Case of Polycythemia Veto Dining Tieatinent -iVith 

Phcnylhydi azine Hydi ocliloi idc 
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^ S H (cn=c n) 47 Kg in weight and suffering from pohcvthemin vera, was treated with 
Oi Gm of phcn^lh^dTa7lne hj drochloride daily from June SO to July 13 
+ Serum free from hemolysis 

; Bands of hcmatoporphvrin =een on examination of filtrate, from stool 
5 Band n idmg equals approximate mimhcr of milligrams of urobilinogen dailj 


globin and the number of red and xvhite blood cells were followed The urobilin 
was measured 63 ' the band method, and the figures given therefore, represent onty 
approximateh milligrams of urobilinogen The details are given m table 9 and 
chart 6 

The initial excretion of uiobihnogen was at a rather high normal 
le\el Following the administration of daily doses of phenylhydiazine, 
there was an early decided fall 111 red blood cells and the peicentage of 
hemoglobin and a simultaneous and consideiable increase in the uro- 
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bilinogen content of the stool Latei, when the effect of the phenyl- 
hjdiazine was moie piononnced and a few da3^s befoie the 
administiation of the ding was discontinued, the seium biliiubin lose 
rathei shaipl} and the patient became jaundiced By this time the out- 
put of uiobilinogen had become vei}’’ gieat 

Unfoitunately, it was impossible to measuie the output of uio- 
bilinogen foi two weeks aftei the diug was discontinued On the day 



Chait 6 — Results iii a case of polycythemia vera in which phen> Ihj<clidzine 
uas given (case 13, S H, showing initially hemoglobin 126 per cent, red blood 
cells 10,600,000 and white blood cells 14,800) The hematocrit reading w^as 73 per 
cent In this chart the solid line indicates- hemoglobin percentage , the broken 
line, as m the others, indicates serum bilirubin 

of the last dose the icd blood cell count was 6,200,000 and the hemo- 
globin 85 pel cent Twelve days latei the led blood count was 2,400,000 
and the hemoglobin 32 pei cent By this time, however, jaundice had 
disappeaied, the seium bihiubm was normal and it seemed that the 
effect of the phenylhydrazine was spent Five days aftei ward, when 
estimations of urobilinogen weie again undei taken, the hemoglobin and 
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red blood cell count were rising, serum bilirubin was normal and the 
excietion of urobilinogen was found to be much below its initial level 
It is inteiesting that m the period before treatment and m the period of 
recovery there was some parallelism between the height of the red blood 
cell count and the level of excretion of urobilinogen When the red 
blood cell count la)’’ between 10,600,000 and 13,000,000, the output of 
urobilinogen averaged 92 mg per da) In the period of recovery, with 
the red blood count between 3,700,000 and 4,800,000, the daily average 
lias 21 mg A similar relationship between the hemoglobin percentage 
and the excretion of urobilinogen m dogs was noted by McMaster, 
Broun and Rous Under the destroying influence of phenylhydrazine, 
the urobilinogen of the stool rose to at least 513 mg per day, an output 
fully as great as the excretion in cases of pernicious anemia in severe 
relapse With the greatly increased blood destruction the patient became 
jaundiced and the van den Bergh reaction of the serum lose to 8 0 
units As was to be expected m jaundice due only to increased destruc- 
tion of blood, the direct reaction was negative It is noteworthy also 
that, in spite of a greatly increased blood destruction, urobilin was 
present m the urine in amounts insufficient to give a positive test by the 
zinc acetate or copper sulphate-chloroform methods 

Exaction of Ih obilmogen in Malana — In patients suffering from 
malaria with regular chills, it is usually considered that theie is inci eased 
blood destiuction 

Case 14 — A D , a man, aged 35, with dementia paralytica was admitted to the 
Toronto General Hospital in December, 1928, for malaria therapy Although he 
was not robust in appearance there was no evidence of an)’- other disease In 
the control and incubation period the excretion of urobilinogen averaged 123 mg 
per day, a rather high level When the fever rose and regular chills occurred, 
there was a prompt increase in the urobilinogen of the stool, which reached a 
maximum of 429 mg dail) in a subsequent three day period The serum bilirubin 
rose slightlj He became quite ill The spleen and liver were enlarged and an 
appreciable amount of urobilin was found in the urine The hemoglobin fell 
from 90 to 95 per cent to 78 per cent The chills ceased spontaneously, the 
urobilinogen of the stool fell to a lower level, the serum bilirubin became normal, 
the urobilinuria ceased, the spleen and liver became smaller and the patient 
improved generallv The results are shown in table 10 

During the period of regular chills, estimation of the urobilinogen 
of the feces even da\ showed clearly, in spite of considerable iiregulai- 
itv in the size of the stool, that a huge inciease in the output of uio- 
bihnogen occuried following each chill Sometimes a small stool after 

12 McMaster, P D , Broun, G O , and Rous, P Studies of the Total Bile 
I The Effects of Operation Exercise, Hot Weather, Relief of Obstruction, Inter- 
current Diseases, and Other Normal and Pathological Influences, J Exper Med 
37 395 1923 
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the chill had a much gieatei uiobilinogen content than a large stool on 
the next day For instance, a 95 Gm stool for the day of a chill con- 
tained 872 mg of urobilinogen, while a 216 Gm stool on the subsequent 
day contained 84 mg Often the increase in the urobilin output appeared 
in the stool that was passed the moining after the day of the chill 
Another patient given malaiia theiapy showed similar results 
although it was impossible to collect stools satisfactoiily 


COMMENT 

Relation of Desti iiction of Blood to Exci eiwn of Urobilinogen — 
Although it appeals that any mciease in the destruction of the blood is 


Table 10 — Ohsewations in a Case of Dementia Paialytica m Which Malana 
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53 
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1 0 
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1 0 
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January 2, 3, 4 
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78 
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trace 

1 2 

0 

5, 0, 7, 8 
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77 

45 

200 

truce 

1 4 

0 

9, 10, 11 

100 2 

so 


280 

0 


0 

12, 13, 14 

90 

78 


304 

0 

08 

0 

13, 10 

98 0 



220 

0 


30 

17, 18, 19 

99 



148 

0 


15 

20,21,22 

9S0 



150 

0 

00 

15 

23, 24, 25 

98 G 



210 

0 


15 


AD (case 14), ■\\ei^hing 08 Kf, , i\ns moculnted iMth malaria infected blood on Dec IT, 
1928 The first chill occurred on December “’1 Although the chills ■nerc dying oil spontanc 
ously, quinine therapy was begun on Jan 13, 1929 


accompanied by an inci eased excretion of uiobilinogen, it is impiobable 
that all the hemoglobin desti 03 '^ed can be accounted for as urobilinogen 
In dogs, Broun, Rous and McMaster found that under oidmary con- 
ditions only a fraction of the estimated amount of destroyed hemoglobin 
was excreted as bilirubin When blood destruction was increased, how- 
ever, not only was there a great mciease in the output of bilnubin but 
also a greatei propoition of the hemoglobin lost could be accounted for 
as bilirubin 

Theie are further reasons for doubting the existence of a precise 
quantitative relationship between hemoglobin desti oyed and urobilinogen 

13 Broun, G O , Rous, P , and McMaster, P D The Relation Between 
Blood Destruction and the Output of Bile Pigment, J Exper Med 37 733, 1923 
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excieted Uiobihnogen is a product of bacteiial action, and it ^\ollld be 
suipiising it all the biliiubin excreted into the intestinal tiact was con- 
verted quantitatively into uiobihnogen Constipation and othei factois 
ha\e been found to reduce the amount of uiobihnogen in the stools 
The most that can be claimed, theiefoie, at piesent, is that the uro- 
bilinogen excieted repiesents a laige fi action of the hemoglobin 
desti 0 } ed 

Hov ever, McMaster and his associates have shown that uro- 
bilinogen in the stools is formed only fiom bilirubin excieted into the 
bowel, and that the amount of biliiubm excreted, independent of changes 
in diet, vanes with the late of blood desti notion 

The great iiici ease in excretion of urobilinogen accompanying known 
inciease in desti action of blood is illustrated in the case of polycythemia 
in which pheii} Ihydrazine was given and in the case of dementia 
paialytica in which malaiia therapy was used That such an increase 
occuis in hemol 3 tic icterus has long been recognized On the othei hand, 
ve know of no condition characterized by an inci eased excietion of 
uiobihnogen in which it can be shown that increased desti action of blood 
does not occui 

The Hemoglobin Equivalent of Ui obihnogen E%ci eted (a) Noi mal, 
(b) Pcinicious Anemia — The aveiage daily excietion in our controls 
was lower than that found by Lichtenstein and Terwen Like them, 
we found gieat individual variation, but our aveiage for ten cases is 
lather less than half the aveiage value in then senes of fifteen The 
excietion ot urobilinogen in pernicious anemia, howevei, was similai 
in both senes, although one of then cases showed a gieatei output than 
an) of ouis 

(o) Assuming that the blood constitutes 5 per cent of the body 
weight, and that 4 Gm of urobilinogen is pioduced fiom 92 Gm of 
hemoglobin, Terwen® calculated that one-one bundled and foitieth ot 
the hemoglobin content of the blood in normal persons is excreted as 
uiobihnogen ereiy day Calculating the rate for our controls in the 
same vaj, the daily normal excretion of uiobihnogen is equivalent to 
about one-thiee hundred and foitieth of the blood hemoglobin, the 
maximum being one-one hundred and sixt} -eighth 

(b) In cases of pernicious anemia, on the other hand, the relation- 
ship IS reiy different Ass;uming for pui poses of calculation that the 
blood volume has the same proportion to body weight as m the normal 
condition, one finds that in patients with anemia of increasing serent}' 

14 Elman, R , and Mc^Iaster, P D Studies on Urobilin Phj^siology and 
Pathologj ir Derivation of Urobilin, J Exper ]\Ied 41 513, 1925 

15 Rous, P , Broun, G O , and MclMaster, P D Studies on the Total Bile 
II The Relations of Carbohydrate to the Output of Bile Pigment, J Exper Med 
37 421, 1923 , footnote 13 
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the hemoglobin equivalent of in obilinogen excreted each day becomes a 
iaigei and larger fi action of the calculated blood hemoglobm of the body 
until in patients m seveie relapse it may amount to more than one tenth 
of this total Immediately aftei the leticulocyte i espouse the fi action 
becomes less than one-one hundiedth, and theieafter lemams within 
normal limits This is shown by the data piesented in table 11 The 
cases aie aiianged in older of seventy of the anemia These figuies 
show that in pernicious anemia theie is an mveise relationship between 
the late of destiuction of blood and the seventy of the anemia, and that 
in all cases destiuction of blood falls off maikedly under tieatment with 
hvei 

Table 11 — The Value foi iJie F) action, Hemoglobin Equivalent of Avciage Daily 
Ui obilinogen Excietion Calculated Total Blood Hemoglobin in Cases of 
Pei melons Anemia at Diffeient Levels of Hemoglobin Pei centage 
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SO 
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SO 
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30 1/17 

15-25 

00 
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2 (A G ) 

30 1/14 
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54 

1/100 

2 

04 

1/343 

3 (A P ) 

20 1/13 

11-17 

55 

1/lOC 

3 

70 

1/109 

7 (G D) 

21 1/10 

10-18 

44 

1/150 




1 (M G ) 

24 1/ 9 

14-21 

07 

1/174 





* Only tbose cases in irbicli Tcnien's method nas used are included 


If pernicious anemia weie primanly a hemolytic anemia, it might be 
expected that a consideiable inciease in the destiuction of blood could 
be obseived before theie was any appieciable fall in the pei centage of 
hemoglobin, and that the excietion of ui obilinogen would be greatest 
when the hemolytic agent was acting on the laigest numbei of led blood 
cells It is found, instead, that the ui obilinogen increases as the cells 
become more and moie abnoimal in appeal ance, and that usually it is 
gieatest, absolutely and relatively, when the actual numbei of led blood 
cells IS very low When the hemoglobin is about 20 pei cent, the excie- 
tion of urobilinogen is equivalent to one tenth oi moie of the calculated 
blood hemoglobin of the body 
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Relation of the Niiinbei of Reticulocytes to the Increase m the Red 
Blood Cells — Minot, Cohn, Muiphy and Lawson noted in cases show- 
ing a marked reticulocyte response that the increase in the red blood cells 
up to the time of the peak of the response was often approximately equal 
to the number of reticulocytes per cubic millimeter In a subsequent 
paper it was remaiked that such a relationship might be expected to 
exist “in so far as there has been no destiuction of red blood cells, no 
change in distiibution of body fluids, no maturation of reticulocytes to 
adult red blood cells, and no entrance into the circulation of nonretic- 
ulated eiythiocytes ” We found a similar lelationship between the 
increase in led blood cells and the number of reticulocytes at or befoie 
the peak of the ciisis m cases showing a veiy high reticulocyte response 
Another explanation which takes into account the concomitant changes 
in the rate of destiuction of blood is, however, possible Before the 
commencement of liver therapy, the hyperplastic bone marrow produces 
large numbers of grossly abnormal cells — megalocytes, macrocytes, 
microc}tes — that aie lapidly destroyed Following the ingestion of 
liver, the bone marrow is stimulated to supply, in addition to these 
abnormal cells, inci easing numbers of immature (reticulated) red blood 
cells which have a longer expectancy of life Equilibiium between the 
formation and the destruction of blood is maintained for a short time 
bv the continued discharge of the abnormal cells into the blood stream, 
and the led blood count rises in virtue of the number of reticulocytes 
supplied With the change in the charactei of blood formation m the 
bone man ow under the influence of liver therapy, more mature red blood 
cells, not so readily destroyed, enter the circulation The reticulocytes 
of the circulating blood become mature, theieby reducing the pioportion 
of reticulocytes in the blood smear to a normal number The excessive 
excretion of urobilinogen ceases, and thenceforth the led blood count 
and hemoglobin use gradually to normal 

Plasma Bilirubin in Pcinicioiis Anemia, Its Relation to the 
Exaction of Urobilinogen — In most cases of peinicious anemia the 
plasma biliiubin is inci eased, but its actual level is by no means parallel 
eithei to the seveiit}^ of the anemia or to the amount of urobilinogen 
excieted, although all three tend to vary in the same direction In mild 
cases there is a consideiable increase in the excietion of pigment without 
am significant use in the bilirubin of the plasma In severe cases the 

16 Mmot, G R , Cohn, E J , Murphy, W P , and Lawson, H A Treat- 
ment of Pernicious Anemia with Liver Extract Effects upon the Production of 
Immature and Mature Red Blood Cells, Am J M Sc 175 599, 1928 

17 Cohn, E J , Minot, G R , Alles, G A , and Salter, W T The Nature 
of the Material in Liver Effectue m Pernicious Anaemia, T Biol Chem 77 325 
1928 
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plasma biliiubm is always mci eased, but among seveial such patients 
excietmg approximately equal amounts of uiobilmogen there may be 
considerable variation m its level The plasma biliiubin rises when the 
patient becomes worse and is usually highest m the patients that aie 
ciitically ill The highest value we have noted was 8 0 van den Bergh 
units m a patient just befoie his death (in 1925) In no case was a 
diiect van den Beigh leaction observed 

The rapid deciease in plasma biliiubiii shown in all cases duimg the 
reticulocyte response has been obseived by Minot and Muiphy^ and 
otheis 

UrobthnwM m Peimcions Anemm — It has ahead)'’ been mentioned 
that urobilin can larely be demonstrated m the urine in mild cases of 
pernicious anemia, and that it does not always appear in the urine in 
severe cases, even when the plasma bilirubin is high and when laige 
amounts of urobilinogen aie excieted in the feces It is common to find 
small amounts of uiobihn in the urine of patients m relapse, but strongly 
positive tests have been found onl) ioi jiatients that were senoush ill 
In some instances patients weie iindei observation while they became 
much woise in these the tiansition was obseived from negative tests or 
only tiaces of uiobilm to such amounts that a positive test was obtained 
even when the urine was gieatly diluted In some instances theie was 
an increase m the uiobilinuna immediately after the beginning of hvei 
therapy In all cases, howevei, urobilin ceased to be demonstiable in the 
urine before the end of the leticulocyte response It is piobable that 
the inci eased uiobilinuiia in veiy ill patients is due, in pait at least, to an 
associated disturbance in hepatic function 

The Cause of the Ancima — ^Theie have been many diffeient opin- 
ions as to the cause of the anemia and the associated deiangement of 
blood pigment metabolism in pernicious anemia, but for many years the 
dominant views have been (1) that it is piimarily a disoider of blood 
formation, and (2) that it is due to hemolysis or increased blood destiuc- 
tion Minot, Muiph) and Stetson stated that they held to the con- 
ception of Peppei (1875) and Cohnheim (1876) that it is a disoider in 
the foimation of blood They have found it difficult to conceive that the 
prompt impiovement following on liver therapy can be attiibuted to the 
arrest of a hemolytic process Yet, they stated “that a dysfunction of 
haemoglobin metabolism, which may paitly be due to abiioimal red blood 
cell destruction is a feature of the disease ” Whipple considered that 

18 Whipple, G H Pigment Metabolism and Regeneration of Hemoglobin 
m the Body, Arch Int Med 29 711 (April) 1922, Experimental Anemias, Diet 
Factors and Related Pathologic Changes of Human Anemias, J A M A 91 863 
(Sept 22) 1928 
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the anemia of pernicious anemia is the result of a deficiency of stioma' 
building mateiial or a distuibance of the stroma-building mechanism 
■\r ith an overproduction of pigment substances rather than an increased 
destruction of red blood cells The tissues of the body, he contended, 
become saturated with pigment material produced in excess of the 
limited numbei of red blood cells, and this excess pioduction leads to 
increased excretion of bihiubin and urobilin Kiumbhaar,^® on the othei 
hand, while of the opinion that pernicious anemia is not primarily a 
hemolytic anemia, did not question the existence of inci eased destruction 
of blood m this disease The excessive pigment metabolism, he wrote, 
is more likely a sign of inci eased blood destruction than of “elimination 
of hypothetical materials designed for haemoglobin foimation but 
unarailable in the haemoglobin saturated state of the few functioning 
ei3dhrocytes ” 

Peabod}^ ^ cleaih demonstrated that the h3'perplasia of the abnormal 
cells in unusual legions of the bone marrow disappeais in the remission 
that results fiom liver therapy The bone maiiow, now appaiently 
noimal, once more supplies normal red blood cells to the circulating 
blood 

To us it seems most probable that the essential disoidei in the 
anemia of Addison’s “pernicious” anemia is one of formation of blood, 
but that there is a resultant secondary rncrease m its destruction An 
abnormal bone maiiow produces abnormal cells that are rapidly 
destroyed With slight anemia and general macrocytosis, the excretion 
of urobilinogen is definitely but not markedly increased In cases show- 
ing greater amsocytosis and more ii regularity in form of the red cells, 
usualh with moderate anemia, the output of the urobilinogen (i e, 
destruction of blood) is gieatei When the smear shows the character- 
istic picture of sereie relapse, the excietion of urobilinogen is ver3'^ great 
Destruction of blood preponderates over its formation, and severe 
anemia results 

Follorring liver theiap3, the bone maiiow is stimulated to supply 
large numbers of immature but more noimal red blood cells (reticulo- 
C3tes) that have a long duration of life The production of the giosslv 
abnoimal cells ceases and with their disappearance from the blood 
stream the excretion of urobilinogen falls ofiE sharply Adult erythro- 
C3tes moie and more nearly normal in appearance, with a normal 
duration of life are no^^ supplied All signs of increased destruction 
of blood disappear The red blood cell count and hemoglobin percentage 
use and become normal While the blood picture remains normal, the 
late at which destiuction of blood occurs also remains normal 

19 Krumbhaar E 13 Thoughts on the Morbid Processes A.ctne m Pernicious 
Anaemia, Am T Sc 175 523, 1928 
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SUMMARY AND CONCLUSIONS 

1 In patients with Addison’s “peinicious” anemia m a state oi 
1 elapse the excretion of uiobihnogen is gieatly inci eased and may be 
seveial times the noimal value In seveie cases the amount excieted 
daily IS equivalent to 8 to 13 Gm of hemoglobin, amounting m some 
instances to moie than one tenth of the total blood hemoglobin of the 
body 

2 Following liver therapy and beginning at about the peak of the 
leticulocyte crisis, theie is always a shaip deciease in the excietion of 
uiobihnogen, which falls m a few days to a level within noimal limits 

3 In cases of pernicious anemia showing little anemia, with geneial 
maciocytosis but little micioc}tosis oi poikilocytosis, the excretion of 
iiiobilmogen is inci eased somewhat above a high noimal value With 
Inei theiapy the excietion of uiobilinogen falls aftei a low leticulocyte 
1 espouse and is alwa}s noimal when the blood pictuie has become 
normal 

4 The amount of plasma bihiubm in pernicious anemia \aiies m the 
same diiection as the excietion of uiobilmogcn and opposite to that of 
the led blood cell count It is highest in those patients who aie ciitically 
ill When It is high it falls to a noimal level dining the leticulocite 
1 espouse 

5 In seveie cases of peinicious anemia, uiobilin is fiequently found 
in the 111 me Laige amounts aie piesent only when patients aie veiy ill 
Its excess then is atti ibutable, in pait at least, to altered liver function 

6 The distui bailee m blood pigment metabolism in peinicious anemia 
IS piobably due to an abnormality of the led blood cells in virtue of 
which they suffer eail}'- destruction The abnoimal led blood coipuscles 
piesent in i elapse aie the ones most affected Adequate hvei tieatment, 
promoting the production of noimal led blood cells, letaids the late 
at which destiuction of the blood occuis and allows the blood pictuie to 
become normal 



BRUCELLA INFECTION OF BRIEF DURATION 
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Undulant fever is general^ considered to be a piolonged lecurring 
disease Marston,^ in 1881, reported the average duration to be from 
three to ten weeks, but lecognized a form that he described as so 
mild that the patient ma}' never be confined to bed and all the while 
may be supposed to be laboring undei a pecuhai form of dyspepsia 
He gave as diagnostic points in mild types of undulant fevei (1) gas- 
tric derangement that lefuses to yield to any treatment, (2) great 
depression of the spirits out of all proportion to the symptoms, (3) 
slight pjiexial attacks, and (4) anemia, slow and progressive, with a 
marked tendency to an attack of rheumatism oi neuralgia In describ- 
ing his own symptoms he probably described one of the eaihest ambula- 
tory cases 

Hughes,- m his classic monograph published in 1897, disregarded 
doubtful and nonfatal cases of less than three weeks’ duration Of 
three hundred and seventy-two cases that he studied, only 1 2 per cent 
lasted less than twenty days, and all of these were fatal In his series, 
the duration of 64 6 per cent of his cases was between thirty-one and 
ninety days 

Basset-Smith,® in 1903, gave three months as the minimum duration, 
though he stated that in Mediterranean countries the disease may termi- 
nate in from one to two months Eyre,^ who played a prominent part 
in the investigations made by the Mediterranean Fever Commission, 
stated that the duration of the disease is from six to nine months 

Submitted for publication, Feb 24, 1931 

From the Biological Division of the Medical Clinic of the Johns Hopkins 
University School of Medicine and Hospital 

1 Marston, A J Report on Fever (Malta), Great Britain Army M Rep 
3 507, 1881 

2 Hughes, 111 L Mediterranean, Malta or Undulant Fever, London, The 
Macmillan Compam, 1897 

3 Basset-Smith, P W Duration of Mediterranean Fever, Brit M J 
2 1589, 1903 

4 E\ re J W H Milro\ Lectures on Undulant Fever, Lancet 1 1747, 1908 
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There are certain types of cases that run a milder, and sometimes 
shorter, course than the ai’-erage In making studies for the Mediter- 
ranean Fever Commission, Shaw “ investigated a series of ambulatory 
cases of Malta fevei Samples of blood from five hundred and twenty- 
five dock hands m Malta weie examined Fifteen per cent of these 
specimens showed agglutination of Bi itcclla in dilutions of 1 30 or more, 
with marked reactions in twenty-two cases These cases were moie 
thoroughly investigated In all but three of them theie was a history 
suggestive of mild febiile infection lasting from two days to thiee 
months Buicella was lecoieicd fiom the blood and the urine m three 
cases, from the blood alone in one case, and fiom the urine alone m 
six cases All of the men studied were working at the time 

Cantani,® in Naples, m 1908, desciibed a benign t}pe of Malta fever, 
discovered by studying the membeis of families m which moie serious 
forms of the disease weie being tieated In one family he noted five 
cases one of extieme scieiit}’-, three model atel) seveie and one mild 
The last occuiied m a boi , aged 11, who showed only fevei, slight 
weakness and splenomegah toi a month His blood sei um agglutinated 
Buicella m dilutions up to 1 500 Cantani desciibed thirteen cases of 
this type in other families The disease m thiee of his cases, not bac- 
teriological!} proved to be cases of undulant fever, lasted only four days 
He made the suggestion that the disease is bi no means as malignant as 
IS generally supposed, and that moie intensive bacteriologic stud} of the 
milder cases would probably prove enlightening 

Cantaloube " reported sixteen ambulatory cases m 1910, the majorit} 
of Mhich weie diagnosed by the agglutination leaction The patients 
gave a history of several months’ illness, with fevei, perspiiation, more 
or less generalized pain and constipation Most of his patients had 
appaicntly been infected fiom eating unpasteuiized cheese He found 
that this type of infection sometimes persists as long as the moie seveie 
form, and that the slight fevei may easily go unnoticed unless the 
temperature is taken systematical!} Additional ambiilatoiy and mild 
cases have been i eported by Dargein and Doi e ® and othei s 

The case to be described is an example of Buicella infection with 
fever of exceptionally shoit duiation 

5 Shaw, E A The Ambulatory T 5 '^pe of Case in Mediterranean or Malta 
Fever, J Roy Army M Corps 6 638, 1906 

6 Cantani, A Sulle forme leggienssime di febbre di Malta, Riforma med 
24 365 (April 6) 1908 

7 Cantaloube, P Les formes ambulatoires de la fievre de Malte, Echo med 
de Cevennes, Nimes il 22 (Feb) 1910 

8 Dargein and Dore Des formes frustes de la melitococcie. Bull et mem 
Soc de med d hop de Pans 49 122 (Jan 23) 1925 
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REPORT OP CASE 

Hisfoiy — A 25 j^ear old, unmarried physician was admitted to the Isolation 
Ward of Johns Hopkins Hospital on April 9, 1930, because of fever and general 
malaise of one day’s duration 

For fifteen 3 ears he had experienced attacks of migraine preceded by visual 
auia During early childhood he had had measles, pertussis and varicella His 
tonsils and adenoids had been remoied several 3 '^ears prior to the present illness 
No other facts of importance m his past history were elicited 

The day before admission he had rather suddenly been seized with headache, 
anorexia and general malaise, associated with constipation He spent that after- 
noon in his room instead of going about his usual duties in the hospital All of 
his symptoms became progressively worse, and by evening he noted the onset of 
aching pains throughout his body, more marked in the lumbar region and in the 
extremities Later in the evening he felt worse and was quite prostrated, with 
increase m the headache and general pain 



The temperature in a case of undulant fever of brief duration The numerals 
in the row at the top of the chart represent the days of the disease, those at the 
left, degrees Fahrenheit 


He had no rhinorrhea chilliness, soie throat or cough There ivere no symp- 
toms referable to the genito-urinary tract 

Physical Examination — The temperature was 102 6 F , the pulse rate, 100, the 
respiration rate, 23 , the blood pressure, 138 s 3 ’'stohc and 72 diastolic The patient 
looked ill and miserable, with flushed cheeks and suffused conjunctivae The 
loiver eyelids were puffy, but no edema was present elsewhere No rose spots 
were found, and there w^as no rash, although a small aphthous ulcer was present 
on the buccal mucosa The venules were dilated in the slightly reddened pharynx 
r^Ioderatel}" enlarged hmph nodes were felt in the cervical, epitrochlear, axillary 
and inguinal regions, but onh’- the right upper deep cervical node was tender 
The heart show^ed no enlargement and was otherwuse normal, with the exception 
of rare extras} stoles 

There was slight impairment of the percussion note over the apex of the left 
lung, but breath sounds and voice sounds were normal, and no rales were heard 
e\en after coughing The liver was just palpable, but the spleen w'as not palpable 
until three da^ s later Some tenderness w'as noted 01 er the tibiae, but it was not 
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marked The reflexes were normal At the time of admission influenza seemed 
the most likely diagnosis 

Labo)atoty Exaimnaiioii — The hemoglobin content (Sahh) was 98 per cent, 
the red blood cells numbered 4,790,000, the white blood cells, 6,/60, polymorpho- 
nuclear neutrophils, 67 per cent, large lymphocytes, 12 per cent, small lympho- 
cytes, 11 per cent, and large mononuclears, 10 per cent There were no eosinophils 

The specific gravity of the urine was 1 008 There was a faint trace of albumin 
No reducing substances vere shown in the urine The sediment showed red blood 
corpuscles, 3 per high pow'er field, leukocytes, fiom 6 to 7 pei high power field, 
and rare granular casts There w^as a trace of urobilin The result of a test for 
diacetic acid was mildly positive No grow’th w'as obtained on culture of the 
urine 

In the culture from the throat there were a few beta-hemolytic streptococci, 
but no diphtheria bacilli 

The blood serum did not agglutinate typhoid or paratyphoid antigens How- 
ever, Bincclla (less than one colony per cubic centimeter) w^as grown m a blood 
cultur^taken on the fourth day of the disease and planted on liver infusion agar 
of pB 6 6 The organisms grew as well aerobically as in 10 per cent carbon 
dioxide, w'ere morphologically characteristic and aid not ferment sugars They 
agglutinated in serum prepared against a caprine strain of BmccUa in dilutions 
up to 1 2,560, 111 serum prepared against bovine and porcine types in dilutions 
up to 1 1,280 and in the patient’s owm serum in dilutions up to 1 1,280 

By the ninth day, wdiich was about the time the organisms recovered from the 
blood were identified as Bi ncclla, the patient’s serum agglutinated Bi ucella anti- 
gens as follows a bovine strain in dilutions up to 1 1,280, caprine and porcine 
strains m dilutions up to 1 640 A blood culture taken at this time show^ed 
no growth 

Intradermal tests on the tenth day show’ed definite cutaneous hypersensitiveness 
to suspensions of BtuccUa and to extracts of Bjucdla prepared according to the 
methods of Ando and of Lanccfield for isolating the specific soluble substance 
from bacterial bodies 

Six cultures made from stools collected from the eleventh to the thirtieth day 
after the onset according to the Amoss and Poston technic did not show 
Bi ucella, and none w^as found in five cultures made from the urine 

The white count remained low, never rising to 7,000 On the fifth day, the 
spleen became palpable A poi table roentgenogram show'ed the lungs to be cleai 
Red blood corpuscles persisted in the urine for five days, then disappeared coin- 
cidentally with the disappearance of albumin Nonprotem nitrogen was 26 mg per 
bundled cubic centimeters, and sodium chloride was 382 mg per hundred cubic 
centimeters of blood 

Course — The treatment was symptomatic, and after a week the patient’s 
improvement was rapid Although he was afebrile, with the exception of the 

9 Ando, K A Simple Method of Obtaining Soluble Specific Substances 
from Various Bacteria (Streptococcus Vindans, B Dysenteriae and B Mallei) 
J Immunol 17 SS5 (Dec) 1929 

10 Lancefield, Rebecca C The Antigenic Complex of Streptococcus Hemo- 
lyticus I Demonstration of a Type-Specific Substance m Extracts of Strepto- 
coccus Hemolyticus, J Exper Med 47 91 (March) 1928 

11 Amoss, H L, and Poston, M A Isolation of the Brucella Oiganism 
from the Stools, J A M A 93 170 (July 20) 1929 
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mild reaction following the intradermal tests, the patient was kept m bed for 
four weeks During the summer, he was somewhat weak, but was able to be up and 
to plaj”- golf from time to time He was well m October, 1930, and on Feb 15, 
1931, was examined by Dr Longcope, who found no abnormality 

Origin of Infection — The origin of his infection was not definitely determined, 
but the disease was probably contracted in the laboratory As intern in the 
Isolation Ward, he had had contact with patients who had undulant fe\er, but 
not for two or three months prior to the onset of his own infection And 
although he had not worked with Bmcella in the laboratory for a similar period 
of time, he frequently visited there It should be said, however, that no other 
cases or possible cases of infection with BiiiceUa have occurred from this lab- 
oratory 

There had been no contact with animals, and the patient had consumed no 
unpasteurized dairy products 

Bactci wlogic Results — Bmcella recovered from the patient’s blood has not been 
positively identified as to strain, but the luxuriance of growth even without carbon 
dioxide suggests the porcine type, as do the reactions to the differential dyes as 
described bv Huddleson^^ No inoculations of animals ha\e been made 


COMMENT 

A case of such short duration as the one reported is inteiesting 
from seveial points of view The condition might easil} hav^e been mis- 
taken foi influenza had the blood culture not been taken It seems pos- 
sible that a good many cases of the type described pass for cases of some 
other condition In several of the ambulatory cases described by Shatt 
and others there was a history of fever foi a short period, and it is piob- 
able that a definite relationship exists between the ambulatory cases and 
those similar to the case under discussion 

It IS important to consider patients with ambulator} and abortne 
cases as possible carriers of Bmcella The organism is known to per- 
sist 111 the stools and urine for considerable periods after the acute 
febrile stage has passed, and we recently repoi ted a case in which 
B) ncclla was repeatedly cultured from the gallbladder, both on duodenal 
drainage and at operation Oui patient apparently did not become a 
carrier But such a possibility in a mild case might well be of impor- 
tance from the standpoint of public health Since the disease does not 
seem to be highl} communicable, the carrier problem need not be over- 
emphasized 

This case may also explain the cutaneous hypersensitiveness to 
Bi iicella and the presence of agglutinins for Bi iicella that have been 
described by many observers in patients with no histoiv of undulant 
fever 

12 Huddleson, I F The Differentiation of the Species of the Genus Biu- 
cella, Techn Bull 100, Michigan State Coll Agric Exper Sta , August, 1929 

13 Lear ell, H R , and Amoss, H L Brucella Infection Cultivation of 
Brucella from the Bile Case Report, Am J M Sc 181 96, 1931 



LEAVELL ET AL— BRUCELLA INFECTION 


1191 


SUMMARY 

1 A case of Bincella infection with fevei of seven days’ duiation 
IS presented 

2 The possible significance of cases of such short duration is dis- 
cussed with legard to the possibility that the patients in whom they 
occui might subsequent^ become cairieis, and with legaid to the devel- 
opment of cutaneous hypei sensitiveness to Bmcella and of agglutinins 
for Bi iicella antigens 

3 The difficult) of diagnosing such a case by oidmary clinical 
methods is pointed out 



THE ENDERMIC REACTION IN BRUCELLA 
INFECTIONS 

HUGH R LEAVELL, MD 

AND 

HAROLD L AMOSS, MD 

DURHAM, N C 

The endeimic leaction for Buicella infection has been used foi the 
most pait as a confiimatory test But Bui net ^ and others have lepoited 
positive cutaneous reactions m cases in which the blood serum showed 
no agglutination with Buicella and m which the blood cultuies were 
negative 

Various antigens have been used m testing foi cutaneous hypei- 
sensitiveness to Bi iicella and its products These antigens may be classi- 
fied loughly into tuo gioups (1) bacterial suspensions and (2) filtiates 
of broth cultures 

The use of the filtrate of a bioth ciiltuie fiom twenty to thiity 
days old was desciibed in 1922 by Burnet,- who called the substance 
“mehtin ’ It has since been widely used, paiticularly in countiies border- 
ing on the ]\Iediteiianean, and the lesults have vaiied Tienti ® in 1923 
leported specific reactions in nine cases of undulant fevei, vith nega- 
tive results 111 forty controls Olmer and Massot,'^ Debie, Mane and 
Giroud,® Lemierie, Marchal and Jaubeit,® Cazalas and Liege and 
Casteran® lepoited about sixty additional cases of undulant fever m 

Submitted for publication, Feb 24, 1931 

■‘'From the Biological Division of the Medical Clinic of the Johns Hopkins 
University School of Medicine and Hospital 

1 Burnet, E Diagnosis of Mediterranean Fever by the Intradermal Reac- 
tion Action of the Filtrate of Culture of M Melitensis, Arch Inst Pasteur de 
I’Afnque du Nord 2 187, 1922 

2 Burnet, E A New Method of Diagnosing Malta Fever, Compt rend 
Acad d sc 174 421 (Feb 6) 1922 

3 Tienti, E The Value of the Intradermal Reaction in Melitensis Infec- 
tions, Policlinico (sez prat ) 32 767 (June 1) 1925 

4 Olmer, D , and Massot, kl On the Diagnosis of Malta Ferer by the 
Intradermal Reaction, Marseille med 61 1206 (Oct 25) 1924 Olmer, D Bur- 
net’s Mehtin, J med franq 18 182 (May) 1929 

5 Debre R , Mane, J , and Giroud, P Autochthonous Undulant Fever 
Burnet’s Mehtin Test, Bull et mem Soc med d hop de Pans 51 1654, 1927 

6 Lemierre, A , Marchal, C , and Jaubert, A A Case of Autochthonous 
Undulant Fe\er, Diagnostic and Therapeutic Value of Burnet’s Intradermal 
Reaction, Bull et mem Soc med d hop de Pans 51 1702 (Dec 29) 1927 

7 Cazalas, X A Case of Undulant Fever, Pans med 18 161 (Aug 25) 

1928 

8 Liege, R , and Casteran, R A New Case of Malta Fever Cured by a 
Single Injection of an Endoprotem Prepared from B Abortus Bang, Gaz d hop 
102 41 (Jan 9) 1929 
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which specific leaclions were obtained, using melitin Then control 
groups, bower er, were small 

Schoenholz and Meyer ® used a pioduct similai to melitin which they 
called “aboitin,” with appaiently satisfactory lesults, as did Huddleson 
and Johnson 

Anothei gioup of investigators has hesitated to accept the leaction 
to mehtin as a specific leaction, but has acknowledged its possible use- 
tuhiess BiugM^ lepoited positive lesults m 38 per cent of sixty con- 
tiol cases in which Bui net filtiate had been used Tapia and del Valle 
used both bacteiial suspension and melitin They obseived positive 
leactions nith both in seven of fouiteen cases of undulant fevei, with 
melitin alone in two, and with the suspension alone in five They made 
sevent 3 -one contiol injections The filtrate gave false positive leac- 
tions in 25 per cent of these, the suspension gave such leactions in only 
7 pel cent Soige^^ found positive leactions in 27 per cent of eighty- 
six contiols Mith mehtin Agglutination of Biucella was negative in 
all but one of these positively leacting contiols, and in that case it 
occuried onl} m the dilution of 1 SO Moie recently, Dufitau^^ obtained 
16 pel cent false positive leactions in seventy controls, both the 
filtrate and the suspension being used, but considered the leactions with 
the filtiate to be somewdiat shaiper 

Mitia^^ Foinaco and Bua-Fazio,^® deFeimo,^'^ Gioidano^® and 
Simpson and Fiazier^® found the bacterial suspension to be superioi 

9 Schoenholz, P , and I^Iej er, K F The Purification of Abortin, J Infect 
Dis 40 453 (Idarch) 1927 

10 Huddleson, I F, and Johnson, H W Brucellosis The Significance of 
Brucella Agglutinins in the Blood of Veterinarians, J A M A 94 1905 (June 14) 
1930 

11 Biugi, A The Burnet Intradermal Reaction in Malta Ferer Infection,* 
Pensiero med 13 361 (July 20) 1924 

12 Tapia, kl , and del Valle, A Diagnostic Value of the Cutaneous Reaction 
with Specific Antigen in Malta Fever, Med ibera 22 317 (Oct 13) 1928 

13 Sorge, G The Value of the Intradermal Reaction in Alalta Fever Infec- 
tion of Children, Riv di clin pediat 23 471 (July) 1925 

14 Duffau Tlie Utilization of the Laboratory in the Diagnosis of Undulant 
Fever, Arch Inst Pasteur d’Algerie, 1928, vol 6, no 4 

15 l^Iitra, The Intradermal Reaction in Mediterranean Fe\er of Infancy, 
Pediatna 32 721 (June 15) 1924 

16 Fornaco, L , and Bua-Fazio, F The Intradermal Reaction for the Diag- 
nosis of Malta Fever, Riforma med 40 393 (April 28) 1924 Bua, F Method 
and Value of Intradermal Reaction in Malta Fever, Minerva med 6 394 (Mav 20) 
1926 

17 de Fermo, C Method and Value of the Intradermal Reaction m Malta 
Fever, Gaz d osp , Turin 48 859 (Sept 11) 1927 

18 Giordano, A S Brucella Abortus Infection in Man The Intiadermal 
Reaction as an Aid in Diagnosis, J A M A 93 1957 (Dec 21) 1929 

19 Simpson, W M , and Frazier, E Undulant Fever, Report of Sixty-Three 
Cases Occurring m and About Dayton, Ohio, J A ]\I A 93 1958 (Dec 21) 1929 
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to the filtrate In t^^o lumdied and sixt}-nine controls, they found 
positive reactions in only a negligible percentage, although in cases 
of undulant f evei the} never failed to obtain sti ongly positive reactions 

All obser^ers ^^ho haAe had any expeiience with the endermic 
leaction haie reported a high percentage of positive results in cases 
of undulant fever, inoie or less legardless of the type of antigen used 

The specificity of the tests has been the subject of the greatest 
contention The consensus seems to be that the bacterial suspension 
gnes fewei false positn^e reactions than the filtiate In fact, only a few 
false positive reactions vith the suspension have been repoited 

EXPERIMENTS 

Intracutaneous tests vere made in a small group of cases of undulant fever 
and m fifty-one controls In addition to the antigens previously used, a saline 
extract was emplojed, prepared bj shaking a suspension of Biucella in a shaking 
machine for fort} -eight hours and then centrifugating it for one hour 

Attempts were made to isolate the so-called “specific soluble substance” accord- 
ing to the methods described for streptococci by Lancefield and Ando 21 

Bacterial suspensions w'ere standardized by comparison of turbidity wuth the 
1 1,000 United States Public Health silica standard and were heat killed In the 
later tests, this standard suspension was diluted with saline solution 1 10 and 
1 100, to decrease, if possible, the number of false positive reactions and to titrate 
the degree of cutaneous hypersensitiveness, as is done in the tuberculin reaction 

A relatnely large number of different preparations made from several strains 
of Biucella were used in testing each case or control For this reason, although 
the number of cases and controls is not great, a rather large number of injections 
were made — 587 in all, an a\erage of 9 6 in each person studied, and in none less 
than 6 

The reactions W'ere read from eighteen to twenty -four hours after the injec- 
tions, and classified, according to the size of the zones of erythema, as follows 
reactions with zones of er\thema measuring up to 0 7 cm, 0, from 0 8 to 0 9 
cm , ± , from 1 to 1 4 cm , , from 1 5 to 1 9 cm , -| — b , from 2 to 2 4 cm , -{ — b+> 

and 2 5 cm or more, -j — | — 1 — [- 

Although central neciosis lesulted more frequently and was mote 
maiked in the cases of undulant fever, it was also present in the control 
gioup 

In classif}ing the lesults of endermic tests in any given case, 
the reactions to all the substances, rather than that to any one extract, 
used in that case, weie consideied 

A summary of the results is showm m table 1 The case of “possible 
undulant fe\er” occurred in a patient with a suggestive history, but 

20 Lancefield Rebecca C The '\ntigemc Complex of Streptococcus Hemo- 
hticus I Demonstration of a T^p6-Speclfic Substance m Extracts of Strepto- 
coccus Hemolyticus, J Exper Hed 47 91 (March) 1928 

21 Ando, K A Simple klethod of Obtaining Soluble Specific Substances 
from Various Bacteria (Streptococcus Vindans, B Dysentenae, and B Mallei), 
J Immunol 17 555 (Dec ) 1929 
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the cultuies and the results of the tests for agglutinins m the blood seium 
weie negative All the other cases of undulant fever weie proved 
bactei lologically to be definitely positive 

The gioup classified as “other uni elated diseases” was composed 
of cases of hypei tension, aiteiioscleiosis, chronic arthiitis (not appai- 
ently due to Buicclla), duodenal ulcer, amebiasis, Hodgkin’s disease, 
leukemia, aoitic aneuiysm, syphilis, lead poisoning, diabetes, abscess 
of the lung, meningitis due to Sti eptococcus vuidans, eiythremia, 


T \BLE 1 — Results of Endcumc Tests Accoiding to Diagnosis 





Reactions 



Posi 

Question 

Nega 

Diagnosis 

Cases 

tive, % 

able, % 

tive, % 

Unclulnnt fever 

9 

78 

22 

0 

Possible undulant fe-^or 

1» 

100 

0 

0 

Tuberculosis 

6 

33 

06 

0 

Typhoid fe\er 

2 

0 

50 

50 

Normal 

12 

25 

33 

42 

Other unrelated diseases 

31 

18 

3S 

44 

^ A phvsician who had Incd m a Mediterranean country ns 

a child 

and who in college had 

uorhed uith fresh enibr\os from pigs 





Tablf 2 — Results of Endointc 

Tests Accoiding 

to Pi cpai ailon 

Used 


Renctions 




Preparation 

Cases 

Oor 
rect, % 

Question 
able, % 

S 

Raise, 

% 

Porcine suspension 

03 

67 

18 

25 

1 100 dilution of porcine suspension 

25 

80 

12 

8 

Porcine saline extraet 

80 

80 

14 

0 

Porcine Ando extract 

13 

54 

31 

15 

Porcine Lancefield extract 

IS 

64 

23 

23 

Bovine suspension 

02 

45 

20 

35 

Bovine saline extract 

34 

02 

27 

11 

Bovine Ando extract 

12 

42 

10 

42 

Bovine Lancefield extract 

13 

84 


10 

Caprine suspension 

57 

17 

28 

25 

1 100 dilution of caprine suspension 

25 

92 

4 

4 

Caprine saline extract 

23 

79 

21 


Caprine Ando extract 

13 

80 


20 

Caprine Lancefield extract 

13 

01 

23 

10 


bionchial asthma, cholecystitis and hyperthyioidism No definite rela- 
tionship could be found between the type of disease and the positive 
leaction in the contiol gioup 

Although twenty-two different pieparations weie studied, only foui- 
teen were used m a sufficient nunibei of cases to be tabulated So many 
false positive leactions were obtained with filtrates of bioth cultures 
that their use was abandoned early in the senes 

The diluted saline suspensions and the saline extiacts gave bettei 
lesults than the other pi epai ations , the extiacts piepaied aftei the 
methods of Ando and of Lancefield gave somewhat better results than 
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the simple standaid suspensions It can be readily seen that none of the 
substances gare uniformly satisfactory results, and appaiently a high 
percentage of correct reactions is the best that can be hoped for 

COMAIENT 

It is obviousl} of the greatest importance to evaluate the endermic 
test as a diagnostic measure It is a proceduie that is relatively simple 
and that requires little apparatus after the antigens are prepared Thei e- 
fore it is widely applicable even in isolated distiicts However, the 
intei pretation of the reactions is not uniformly simple, and unless certain 
piecautions aie used the lesults may be misleading 

The cutaneous hypersensitn eness observed by us in cases of undulant 
fever has varied from time to time in the course of the disease, and 
we are unable to lay down definite rules for this variation Certain 
patients have been more reactiv^e in the eaily stages of the disease, 
uhile of others the leverse has been true Some persons have reacted 
more violently to certain strains of Bi ucella than to others, and the 
stiain producing the most marked intracutaneous reaction has not always 
been of the same type as the one with which the patient was infected 
The injection of antigen for an endermic test brings with it the 
possibility of producing agglutinins that may complicate the diagnostic 
picture This Avas described by Giordano and confiimed in the case of 
one of us, whose serum about six weeks after a senes of endermic 
tests agglutinated Biiicella in dilutions up to 1 1,280 although no 
agglutinins had been demonstrated previously 

The “erythema brucellum” described by Huddleson and Johnson,^® 
uhich occurred in veteimarians who had tended cows with contagious 
abortion is interesting in the study of cutaneous hypersensitiveness to 
Bi ucella They described two types one an urticaria-like lesion of shoit 
duration, the other a papular erythema lasting from thiee to foui days 
They'- found agglutinins with titers of 1 50 and 1 100 in the five men 
tested, who had manifested this erythema following the manual exti ac- 
tion of retained placentas in aborting cows When endermic tests 
with Bi ucella filtrates weie made, these men showed a prompt reaction, 
leaching a maximum in six houis Other patients who had not shown 
the erythema, but who had had even higher titeis of agglutination, 
showed a much less marked and moie delay’^ed cutaneous reaction to the 
filtrate This is additional evidence that the cutaneous reaction may pro- 
duce v'-ariable lesults in difierent persons 

CONCLUSIONS 

1 The endermic reaction is of value in the diagnosis of undulant 
iever, paiticularh' in cases m which no agglutinins foi Buicella aie 
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piesent in the blood seium and in which Bincella cannot be giown on 
ciiltme of the blood, mine, stools or bile 

2 The inti acutaneoiis test is not definitely specific Although the 
lesiilt IS generally positive in undulant fever, it is not mfiequently posi- 
tive, or highly suggestive, in contiols 

3 Repi esentative stiains of seveial diffeient types of Bnicella 
should be used in making the test The mteipietation of the test should 
be based on all the leactions lather than on a single one 

4 Extiacts of Bi ucclla prepaied accoidmg to the methods of Lance- 
field and of Ando foi seeming the soluble specific substance gave no 
moie specific results m oui cases than did the simple saline suspensions 
and extiacts 

5 It IS piobable that an extiact of Bittcella piepared by piolonged 
shaking of a saline suspension, followed by centiifugation to remove 
most of the organisms, gives fewei false leactions than other prepaia- 
tions But such a piepaiation does not alwajs give a positive leaction m 
undulant fever 

6 Heat-killed bacteiial suspensions seem to ha\e more specific action 
than bacteiial filtiates 

7 It is of value to titiate the degree of the endeimic leaction by 
using ^alymg dilutions of suspensions of the stiains being tested, as m 
the tubeiculm reaction 



PEPTIC ULCER 

ASSOCIATION WITH PULMONARY TUBERCULOSIS * 
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NEW YORK 

In 1926 we published a portion of a study of all the peptic ulcers 
lecorded in 7,700 necropsy records in Bellevue Hospital^ The pait 
then published dealt with frequency, number, size shape, location, color, 
sex and age This article is a continuation of that study and will record 
the association of peptic ulcer with tubeiculosis 

Fifteen years after Cruvelhier’s original desciiption of gastiic ulcer, 
von Jaksch,- in 1844, lepoited that of his patients afflicted with gastric 
ulcei one-fifth were tuberculous Dittiich,® the same year, mentioned a 
similai connection Nine years later, Engel ^ found 19 pei cent In 
1864, Bi niton quoted these figures but felt that the association of 
gastiic ulcei with other diseases is “in proportion moie akin to their 
known fiequency, than to other of their circumstances” Fie pointed 
out that deaths from phthisis are rather moie than 18 pei cent of deaths 
fiom all diseases in persons ovei 20 years of age Leiibe,'^ in 1876, 
commented on this association and quoted von Jaksch, Dittiich and the 
figures of Steiner, who found phthisis 33 tunes in a series of 110 
necropsies in which open and healed gastric ulcei s weie found He also 
quoted Wollmar who found in a senes of 48 neciopsies only 5 instances 
of phthisis Leube thought that larger senes should be studied and that 
the association of ulcer and tuberculosis was not pioved In 1894, 
Peri)'- and Shaw published their much quoted study of the findings on 

' Submitted for publication, Feb 23, 1931 
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duodenal ulcei in 17,652 neciopsies Among these they collected 70 
cases of duodenal ulcei, 25 of which weie associated with tuberculosis 
Thus we have the pathologists noting the association of ulcer and tuber- 
culosis, and the clinicians, for the most pait, doubting any connection 
between these two disoiders 

Fox® lemaiked the absence of gastiic ulcei in cases of tuberculosis 
that he had studied Fenwick “ said that since 18 pei cent of persons have 
tubeiculosis, natuially 18 per cent of peisons with gastric ulcei have 
tubeiculosis He found 9 cases of ulcer of the stomach m 1,000 autop- 
sies on tubei culous patients and, using Welch s statistics that gastric 
ulcei occuis in 2 per cent of all diseases, he figured that ulcer is less 
common in tubeiculosis than in othei diseases McFailand^° believed 
that the piesence of peptic ulcei m the dead is usually quite independent 
of the disease fiom uhich the patient dies Hauser also doubted that 
tubei culosis has any special etiologic effect Colhnson and Stewart 
felt that the theoi}'’ of a tubei culous etiolog} has never received much 
suppoit They found 86 cases of tubeiculosis in 1,000 unselected 
neciopsies (8 6 pei cent) In 151 neciopsies on peisons with peptic 
ulcei theie weie but 5 cases of tubeiculosis (3 4 pei cent) and when 
the series was extended to include ulcer scais, of the 282 cases theie 
weie but 8 associated with tubeiculosis, i educing the percentage to 2 1 
Lisa found 9 ulceis in 257 neciopsies on tubeiculous subjects and 4 
ulcers in 209 nontuberculous patients Emei} and Monioe^^ lepoited a 
clinical senes from the Peter Bent Biigham Hospital Of this series 
of patients 5 4 pei cent sufifeied from pulmonaiy tubeiculosis, 18 of the 
30 cases weie considered inactive tubeiculosis These authois thought 
that the tuberculosis did not influence the couise of the ulcei and that 
theie was no gieatei association of the two diseases than one would 
expect In two books recently published in this counti}^ Rehfus did 

8 Fox, W Diseases of the Lungs and Pleura London, J & A Churchill, 
1891, p 606 

9 Fenwick, W Soltau The D 3 ’^spepsia of Phthisis, London, H K Lewis, 
1894, p 33 

10 McFarland, J Suigical Pathology, Philadelphia, P Blakiston’s Son & 
Co , 1924, p 564 

11 Hauser, G Die peptischen Schadigungen des Magens des Duodenums 
und der Speiserohre und des peptische postoperatne Jejunalgeschwur, in Henke 
and Lubarsch FTandbuch der spezielkn pathologischen Anatomie und Histologic, 
Berlin, Julius Springer, 1926, vol 4, p 339 

12 Colhnson, H , and Stewart, M J Chronic Peptic Ulcer of the Stomach 
With Acute Miliary Tuberculosis of the Gastric Mucosa, Bnt J Surg 15 626 
(April) 1928 

13 Lisa, J R Surg , Gynec & Obst 41 664 (Nov ) 1925 

14 Emery, E S , and Monroe, R T Peptic Ulcer, Arch Int Med 43 846 
(June) 1929 

15 Rehfus, M E Diagnosis and Treatment of Diseases of the Stomach, 
Philadelphia, W B Saunders Company, 1927 



1200 


ARCHIVES OF INTERNAL MEDICINE 


not mention tins association, and Crohn said “A coincidence of the 
two conditions tilcei and phthisis is incMtable when one consideis the 
wide incidence ot both in the adult population ” 

Attempts to explain an association between peptic tilcei and tubei- 
culosis aie occasionally found Arloing’^" suggested that the toxin of 
tuberculosis might be an etiologic factor m the production of ulcei of the 
stomach Kodon studied patients with ulcei, their mode of living and 
their family history He found tuberculosis in a seveie foim in the 
families of 49 patients afflicted with ulcer, and in 5 different families 
he found tuberculous lesions of the skin Kodon could not lesist the 
thought that tuberculous infection must have some connection vith 
lound ulcer of the stomach Stiller^® believed that theie is a con- 
nection, but thought that both conditions are the result of the asthenic 
constitution He found h} peracidity, chlorosis and atony of the stomach 
associated with tuberculosis and ulcer Meyei approached the subject 
fiom still a different angle He pointed out the frequency of dyspeptic 
sjmptoms in the tubeiculous and studied 50 cases of pulmonai) tubei- 
culosis vith se^ere gastric symptoms Among these he found 4 definite 
and 2 suspected cases of duodenal ulcer He suggested that not only 
ma) tuberculosis predispose to peptic ulcer but that such ulcei s, thus 
formed, are more hkel) to become chronic 

Since sufficient evidence has been accumulated to make the coex- 
istence of peptic ulcer and tuberculosis of a possible, if not indeed a prob- 
able, f requeue} be}ond vhat one should reasonably expect e\en m two 
disorders so commonly found, we have thought it woith while to tabulate 
findings on this association in 7,700 necropsies at Bellevue Hospital and 
appl} the ordinary statistical tests to the figures obtained The standaid 
eiror has been figured after the formula \l JLi in vhich p is a fi action 
whose numeiatoi is the number of the sample shoeing deMation and 
whose denominatoi is the number of cases in the whole sample, q is the 
complement of that fi action and n is the numbei of cases in the sample 
The standard erroi of the difference of two lates is figuied as the square 
loot of the sums of the squares of the standaid eirois of the two rates 

16 Crohn B B Affections of the Stomach, Philadelphia, W B Saunders 
Company, 1927 

17 Arlomg Des ulcerations tuberculeuses de I’estomac, Paris, Asselin & 
Honzeau, 1903 

18 Kodon, E Ein Erklarungs^ ersuch der Pathogenese des Ulcus rotundum- 
lentriculi Wien med Wchnschr 60 1992, 1910 

19 Stiller, B IMagengeschwur und Lungentuberkulose, Berl klin Wchn- 
schr 48 325 (Feb 20) 1911 

20 klejer, J Peptic Ulcer Complicating Pulmonary Tuberculosis, Illinois 
M T 46 348 (Xo^ ) 1924 
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Our stud}’ of 7,700 iieciopsies at Bellevue Hospital ^ showed the 
incidence of gastric ulcer and scars to be 120, and of duodenal ulcer 
and scars 44 There weie 86 open gastric ulcers and 35 open duodenal 
ulcers Deducting for open duodenal and gastric ulceis m the same 
person there vere 117 cases of peptic ulcer 

Among the 7,700 neciopsies studied, 891 patients were recorded 
as having active puhnonar} tuberculosis, this is an incidence of 11 57 
n: 0 36 pel cent Among the 120 patients with gastric ulcers and scars 
there vere 43 who had suffered from active pulmonary tuberculosis at 
the time of death, an incidence of 35 83 db 4 4 per cent To be signifi- 
cant. the difteience betrreen the incidence of tuberculosis in the ulcer 
sample and in the vhole sample must be orei twice the standard error 
of the difteience The difference is 24 26 — 44 per cent, which is, of 
couise, highly significant 

Or It ne reject the cases of healed ulcer as possibly misleading, in 
that these ulcers may have existed and healed before the onset of the 
tubeiculosis ne find that there were tw^enty-eight tuberculous subjects 
among the eight} -six with open ulcer This is an incidence of 32 55 
— 5 05 per cent The incidence of active tuberculosis in the wdiole 
sample is as already stated, 1 1 57 ±: 0 36 per cent, so that here the dif- 
ference is 20 98 ± 5 06 per cent, which is more than twnce the 
standard erioi of the difference 

Of 44 patients showing at necrops} either healed oi open duo- 
denal ulceis, 10 had active tuberculosis Twm of these patients had 
tubeiculous meningitis wuthout discoveied pulmonary tubeiculosis Dis- 
legarding the cases of meningitis, there w^ere 8 tuberculous subjects in 
the gioup of 44, an incidence of 18 18 rb 5 8 per cent The incidence 
of tubeiculosis in 7 700 neciopsies was 11 57 ± 0 36 per cent, and the 
difference was 6 61 ±5 8 per cent wdiich is far short of twnce the 
standard error of the difference We therefore feel that our duodenal 
ulcer sample is too small to be significant 

However if w’e combine the cases of unhealed duodenal ulcer and 
those of unhealed gastric ulcer found in the 7,700 necropsies, deduct- 
ing for cases in wdiich gastric and duodenal ulcers were coexistent, we 
have 117 cases of peptic ulcer There were 33 instances of pulmonary 
tuberculosis in this sample, oi 28 21 A 4 1 per cent The difference 
betw^een the incidence of tuberculosis in the cases of peptic ulcer and in 
the whole sample studied would be 16 64 dr 4 1 per cent This again is 
a marked diffei ence, much more than twnce its standard error 

Similarly if w^e compare the incidence of ulcer of the stomach in all 
necropsies, 86 in 7,700 (1 12 dr 012 per cent), wuth the incidence of 
ulcer of the stomach in the necropsies shownng tubeiculosis, 28 in 891 
(3 14 =r 0 58 per cent) , the difference is 2 02 dr 0 59 per cent, w'hich is 
well ovei twnce the standard error Or if w^e compaie the frequency of 
peptic ulceis in the w^hole sample 117 in 7,700 (1 52 dr 0 14 per cent), 
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with the fiequency in the tuberculous gioup 33 in 891 (3/ ±0 63 
per cent), we have a difteience of 2 18 ± 0 64 pei cent 

Further striking association is shown in other groups of pulmonary 
and pleural diseases Thirty patients described as having chronic adhe- 
sive pleurisy were among the eighty-six with open gastric ulcers 
Thirteen of these however, weie patients having active pulmonaiy tuber- 
culosis, and of the remaindei a ceitain number were undoubtedly tuber- 
culous 

Pneumonia has been mentioned as associated with ulcei ^ Nine 
cases of lobai pneumonia were found among the eighty-six patients with 
open ulcei s who were not suffeimg fiom active tuberculosis Likewise 
eleven patients with neithei tuberculosis nor lobar pneumonia had 
bronchopneumonia The bronchopneumonia was, for the most pait, a 
terminal condition complicating disease of the kidney or heart or othei 
illnesses that might predispose to ulcer It is difficult to see how lobar 
pneumonia, a disease of compai atively short duration, could have had 
an} thing to do with the pathogenesis of chionic ulcei s of long standing 
It is possible that ulcei s may piedispose to pneumonia or that they are, 
foi similar oi diffeient leasons, to be found m a particular constitutional 
panel 

Bronchitis and emphysema weie also frequentl} mentioned in asso- 
ciation with peptic ulcei It was impossible to separate a bronchitis or 
emphysema group of such purity and size as to be significant These 
associations were striking enough, however, to suggest that some com- 
mon factoi in pulmonaiy disease might predispose to ulcei oi that ulcer 
might predispose to pulmonary disease An example of a common factoi 
in pulmonaiy disease would be cough It is known that vomiting is a 
cause of gastric erosions Cough is similar physiologically, is accom- 
panied by maiked alterations m intra-abdominal pressure and may be 
accompanied by vomiting, if severe and piolonged A possible mecha- 
nism for ulcer as an incident in pulmonary disease is suggested by the 
early exaggeiated parasympathetic tonus seen in tuberculous disease^’ 
Constitutional predisposition to diseases that are themselves othei wise 
unrelated is possible 

SUMMARY 

A review of the hteiatuie of the association between peptic ulcei and 
tubeiculosis IS given, showing great difference of opinion Figuies 
obtained fiom a study of 7,700 necropsies at Bellevue Hospital are 
presented, which reAeal a definitely increased frequency of peptic ulcei 
in tuberculosis This t requeue} is shown to be statistically sound 

21 Aschoff, L Lectures on Pathology, New York, Paul B Hoeber Inc , 
1924, p 290 

22 Kuntz, A The Autonomic Nervous System, Philadelphia, Lea & Febiger, 
1929 



CONGESTIVE HEART FAILURE 


XI THE ErrECT or DIGITALIS ON THE DYSPNEA AND ON THE 
VENTILATION OF AMBULATORY PATIENTS WITH 
REGULAR CARDIAC RHYTHM 

T R HARRISON, MD 
J ALFRED CAIHOUN, MD 

AND 

F C TURLEY, MD 

NASnVILIE, TENN 

Digitalis has been used in the tieatment of cardiac disease for 
neaily a centui) and a half, but there is still no general agreement 
as to vhen it should be given Although a complete review of the 
literature will not be attempted, the following brief lesume will suffice 
to illustrate some of the disputed points For the sake of clarity it 
should be stated here that the teim “regular ihythm” as used m this 
paper includes peisons who have smo-auncular rhythm either with or 
without prematuie beats 

1 Is digitalis of value m amiculai fibullation^ All authors agree 
on an affirmative answer 

2 Is digitalis evei of value m patients with lequlai ihytlim^ Sir 
James Mackenzie (1920) believed that the drug was of little value 
except 111 patients with auricular fibrillation Later (1925), howevei, 
he stated, in speaking of cardiac failure without valvular disease and 
with legulai ihythm “Without why or wherefoie, drugs of the digi- 
talis gioup occasionally have a good effect” Vaquez (1924) believed 
that while digitalis is of gieat value in auiiculai fibrillation, its value 
IS much less than that of stiophanthus m patients with legulai rhythm 
He thought that although digitalis acts as well as oi bettei than 
stiophanthus on the aui iculoventncular node, the lattei diug had a 
much gieatei tonic effect on the heart and hence was much better 
m patients with paroxysmal dyspnea 

On the other hand, Christian (1918, 1919, 1925) insisted that digi- 
talis IS of gieat value m patients with regular rhythm Most authors 
agree with this opinion to the extent of believing that the drug is bene- 
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iicial under certain conditions in such patients (Rosenbach [189/], 
Broadbent [1900], Cushny [1911], Cohn [1915], Osier [1919], Piatt 
and West [1920] ) 

3 Is digitalis of value m patients zvifh 1 egiilai rhythm and with 
edema (i ight vent! iciilai faibii e) ? Mackenzie ( 1920) claimed that such 
benefit as A\as observed was due to a diuretic action, and this appeals 
to have been Witheiing’s view Most othei authors, howevei, believe 
that the beneficial diuietic action m such cases is secondary to the ding’s 
eftect on the heait In summarizing opinions in this matter Robinson 
(1923) stated “Theie is geneial agreement that in cases of myocaidial 
insufficiency with edema, diuiesis follows the administration of digitalis, 
the edema is diminished or disappears and there is general improve- 
ment in s}mptoms” In his well controlled study, Marvin (1927) 
pointed out that in cases with regular rhythm and edema, digitalis is 
most effective m subjects with arteriosclei otic heart disease and least 
effective m patients with rheumatic disease, peisons with sj'-phihtic 
disease being intermediate in this respect 

4 Is digitalis of value in patients with legiilai ihythm zvithout 
edema and zvith caidiac asthma (left ventucnlai failuie)^ Concerning 
this point many authois make no positive statements The leason foi 
lack of cei taint} in this regard probably is the fact that, while changes 
in the uiine volume and the body weight allow one to make a decision 
based on quantitative determinations of the effect of a given measure 
on the degree of edema, conclusions in regard to dyspnea, which is a 
subjective phenomenon, are attended with moie difficulty 

Many authors advocate giving digitalis whenever there is a “break 
in compensation,” but, as they do not define the term, one is left in 
doubt as to whether or not they consider paroxysmal dyspnea as an 
indication for the diug Hoivever, some authois are moie specific 
Rosenbach claimed that digitalis was of value in cardiac asthma 
Broadbent, Hirschfeldei (1913) and Osier insisted on the value of 
digitalis in cases of left as well as right ventiicular failuie On the 
other hand, Vaquez stated that digitalis is far infeiior to ouabain in this 
regard Cohn, Robinson and Gibson (1927) stated that the effects of 
the drug aie less beneficial in patients without edema than in those 
wuth edema Mackenzie at one time denied, but latei affirmed, the 
'value of the drug in the cases under discussion 

5 Is digitalis of value in patients with diminished caidiac leseive 
but zvithout congestive failiuet’ (We use the phrase “diminished cardiac 
reserve but without congestive failuie” to indicate the state in which a 
patient has no discomfort at rest — ^no orthopnea, paioxysmal dyspnea 
•oi edema but expeiiences dyspnea on the performance of an exeition 
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which he could previously da with ease ) In patients who, having had 
congestive failure, regain compensation, Eggleston (1925) and Christian 
(1925) advocated the continued use of small doses of the drug Prob- 
ably most caidiologists in America at least, agiee with this view But 
when IS one to start digitalis in a patient who has nevei had symptoms 
at rest but who is beginning to have dyspnea with exercise^ Christian 
(1925) stated that the diug is usually contraindicated when symptoms 
aie slight or absent, but should be given if symptoms are increasing 
111 severity Neither Osier, Robinson noi Cohn apparently believed in 
giving the drug until decompensation supeivened Hnschf elder thought 
that digitalis should be given whenevei there was dilatation, regardless 
of whether or not signs of decompensation were piesent Cushny 
(1925) stated 

It IS difficult to determine at what stage of .nsiifficiency digitalis treatment 
should be commenced It is obviously unnecessary in the slighter forms such as 
are indicated by some breathlessness after exertion, which is so common in 
advancing years At the same time there should be no hesitancy in prescribing it 
when the circulation is more distinctly strained Small doses may be tried without 
any apprehension that they may induce unpleasant symptoms , and no tolerance is 
acquired in practice, so that its early exhibition does not prejudice its use ^\hen 
advance m the insufficiency demands treatment more imperatnely At present 
this use of digitalis must be regarded as merely tentative until the indications for 
Its use are more definitely determined 

As a result of their demonstration that digitalis caused a diminution 
m the output of the heart in dogs, Harrison and Leonard (1926) 
believed that the drug might be of value in pi eventing, as well as in 
combating, congestive failure 

6 Is dxgxtahs of value in patients zvith caidiac disease zuithouf 
dinmnitwn of caidiac lesei've, i e, zvithonf symptoms^ There seems 
to be agreement by all authors that the drug is not indicated undei 
such conditions 

One may summarize the foregoing review b} saying that there is 
universal agreement concerning the benefit to be derived f i om digitalis 
111 patients with auricular fibrillation, and almost as gieat unanimity in 
regard to its value in many cases with regular ihythm and edema, but 
that there is considerable diversity of opinion concerning its effect in 
patients with paroxysmal dyspnea and m regard to the question of when 
if at all. It should be administered to patients whose only cardiac 
symptom is dyspnea on exertion The present study was undei taken 
in an endeavor to elucidate the unsettled pioblems just mentioned 
Interest has been particularly centeied on the effect of digitalis in 
patients with paroxysmal dyspnea 
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METHOD 

All patients were ambulator}'- Subjects with more than slight 
edema and subjects with cardiac neurosis were excluded from the series 
In all cases theie was demonstrable cardiac enlargement The majority 
of the patients had hypertension, arteriosclerosis or syphilitic aortitis as 
the cause of their cardiac disorders There were only two cases of 
iheumatic disease In three patients the underlying cause could not 
be determined and such cases were classified simply as cardiac enlaige- 
ment Several patients had two or more possible etiologic factors and 
were classified accoiding to which factor seemed most important 

Dyspnea was present in every patient, and was usually the chief 
and sometimes the only S} mptom In twenty-four cases, dyspnea with 
exertion only was complained of, whereas nineteen patients, in addition 
to having dyspnea with exercise, also had paroxysmal attacks of short- 
ness of breath, usually at night At each visit a record was made of the 
frequency and duration of such attacks 

The desired plan consisted m prescribing digitalis without instituting 
any other therapeutic measure whatever, without changing the patient’s 
activities, without limiting fluids, without altering his diet and without 
prescribing sedatives This plan was not stiictly adhered to, as the 
patient’s symptoms sometimes demanded other therapy, but m thirty- 
eight of the forty-three patients no therapy other than digitalis was 
given The drug was admmisteied in the form of capsules or tablets 
of the powdered leaf The most frequent dosage was 0 6 Gm daily 
for three days and then 0 2 Gm daily f oi an indefinite pei lod In 
several cases the initial dose was 1 Gm daily for two days, and in one 
instance the patient was given 2 Gm at a single dose The general 
plan was to give from 1 5 to 2 Gm in the first three days and from 
2 5 to 3 Gm in the first iveek No serious toxic symptoms resulted 
m any case, although nausea occurred occasionally and vomiting rarely 
Electrocai diograms were made in some patients but not in all of them 
As our interest was m subjective lather than objective phenomena, no 
attempt was made to contiol our theiapy by fiequent electrocardiograms 
Teleoroentgenograms vere made in all cases in which the question of 
the presence or absence of cardiac enlargement could not be definitely 
answered by physical examination The majority of the patients were 
seen in the medical outpatient department of the Vanderbilt University 
Hospital, but a few patients treated by one of us m piivate practice 
are included Most of the patients included in the series were followed 
from three to six months A few patients were observed for periods 
of se\eral veeks only, and a few of them have been followed for two 
jears or more In going over the records we have attempted to be 
conservative in ascribing improvement to digitalis When there was 
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any reasonable doubt from the patient’s statements as to whether he 
was benefited we have regaided the condition as unimproved Two of 
us tabulated the results separately , the data were then combined and 
for each patient the tabulation which showed the least improvement 
was adopted It is obvious that when a patient states that a given 
symptom has disappeared the chances for error are slight, whereas 
when he states that the symptom is bettei but still present, the chances 
for error are greater 

The teim “paroxysmal nocturnal ayspnea” as used in this paper 
lefers to attacks of shortness of bieath which wake the patient up, 
and IS not to be confused with orthopnea, an allied but not identical 
symptom 

It soon became obvious from the lecords of the patients’ symptoms 
that the effect of digitalis in patients with pai ox} smal dyspnea was so 
striking as to leave little question as to its value In patients with 
dyspnea on exertion only, the results were much less dramatic and, 
although many patients seemed to think they were benefited, we were 
m doubt as to how much of this subjective improvement was real and 
how much was imaginary Consequently, it seemed necessary to devise 
some means of achieving a quantitative expression of dyspnea 

Such a method was developed and has been described in the preced- 
ing paper in this series This method consisted, in brief, of measuring 
the vital capacity and the ventilation during and after a series of care- 
fully standardized exercises The ventilation was divided by the vital 
capacity and multiplied by a correction factor for the body weight 
The figure arrived at m this way was called the ventilation index In 
order to determine objectively whether digitalis actually does cause 
improvement in dyspnea on exertion, respiratory measurements weie 
made in eight patients before and after digitalis Avas given 

RESULTS 

The Effect of Digitalis on Paio.vysmal Nocfwual Dyspnea — The 
reports of the subjective conditions of nineteen subjects with this 
symptom are shown in table 1 One patient was worse after digitalis, 
two subjects were better and sixteen of the nineteen persons were 
entirely relieved The effect was often dramatic, occasionally almost 
magical A patient who had not slept for daj^'S except for intermittent 
nodding while sitting upright would report complete relief within two 
or three days after the drug was begun Most patients noted some 
improvement within twenty-four hours, but in several instances the 
maximum result ivas not reached for a iveek or more In many cases 

the benefit from digitalis was almost compaiable to that from insulin 
in diabetic coma 
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The length of time during which the drug was effective was not 
studied carefully in this series of cases, as many of the patients made 
only a few visits to the clinic Howevei, several patients have been 
followed for moie than tvo jears without any recurrence of paroxysmal 
d}spnea being noted In other cases the symptoms have lecurred 
despite digitalization 

The Effect of Digitalis on Dyspnea Bi ought on by Exeition — 
Foity-thiee patients weie studied and the findings are presented m 
table 2 Two patients leported that they had more dyspnea aftei 

Tabic 1 — The Epcct of Digitalis on Pai oxysmal Nocturnal Dyspnea 


Degree of Paroxysmal 
Dyspnea 

, » , 


Subject 

Chief Diagnosis 

Before After 
Digitalis Digitalis 

Degree of 
Relief 

H 0 

Hypertension 

+ 

0 

Complete 

D S 

Hypertension 


0 

Complete 

L 0 

Hypertension 

+ + 

0 

Complete 

M G 

Hypertension 

+ + J- 

0 

Complete 

A C 

Hypertension 

A* 

0 

Complete 

H M 

Hypertension 

-*- + 

0 

Complete 

J P V 

Hypertension 


0 

Complete 

A A 

Hypertension 


+ 

Partial 

V T 

Hypertension 

++ 

+++ 

Worse 

H 

Hypertension 

+ -! 

0 

Complete 

A Is 

Arteriosclerosis 

+ -! 

+ 

Partial 

ROD 

Arteriosclerosis 

+ 

0 

Complete 

L C 

Arteriosclerosis 

+ 

0 

Complete 

P ^ 

Arteriosclerosis 

+ -r 

0 

Complete 

D K 

Arteriosclerosis 

+ + n 

0 

Complete 

C C 

Syphilitic aortitis 

-f. 4- 

0 

Complete 

F D 

Syphilitic aortitis 

+ + 

0 

Complete 

S R 

Mitral stenosis 

+ 

0 

Complete 

A C 

Cardiac hypertrophy 

+ 

0 

Complete 


having digitalis Twelve patients noticed no difference Fouiteen 
patients felt certain that they could perform the same exercise with 
less discomfoit, and fifteen patients repoited no dyspnea after digitalis 
(The term “no dyspnea” does not mean that severe exercise would not 
liave produced respirator}^ discomfort but simply that the amount of 
exertion involved in the patient’s daily life caused none ) 

It is certain that the results weie much less striking as regards 
d} spnea with exertion than as regards paroxysmal dyspnea The latter 
siinptom was relieved completely in approximately 85 per cent of the 
cases whereas the formei symptom was entirely abolished m only about 
35 per cent Although an additional third of the patients claimed to be 
■benefited, it is difficult to evaluate their statements Disappearance of a 
S} mptom IS decidedly moi e com mcing than mei e improvement in it 
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The Effect of Digitalis on the Ventilation Inde.% — ^As has been 
stated, It was our clinical impression that lespiratoiy distress on exer- 
tion was often benefited by digitalis However, the results were not 


Table 2 — The Effect of Digitalis on Dyspnea Bi ought on by Exeition 


Subject 

Ohiei Diagnosis 

Degree of Paroxysmal 
Dyspnea 

, A , 

Before After 
Digitalis Digitalis, 

Degree of 
Relief 

H 0 

Hypertension 

+ 

+ 

None 

D S 

Hypertension 

+ 

4- 

None 

L 0 

Hypertension 

■4-4" 

0 

Complete 

M G 

Hypertension 

++ 

+ 

Partial 

A 0 

Hypertension 

+ 

0 

Complete 

H M 

Hypertension 

+-1- 

+ 

Partial 

J P U 

Hypertension 


0 

Complete 

A A 

Hypertension 

"r4' 

+ 

Partial 

W T 

Hypertension 

+ 4- 

+++ 

Worse 

H Ma • 

Hypertension 

++ 

+ 

Partial 

A As 

Arteriosclerosis 

+ b 

++ 

None 

R 0 r 

Arteriosclerosis 

++ 

+ 

Partial 

E 0 

Arteriosclerosis 

4~4~4' 

++ 

Partial 

P X 

Arteriosclerosis 


+ 

Partial 

r> K 

Arteriosclerosis 

++ 

0 

Complete 

0 0 

Syphilitic aortitis 

++ 

++ 

None 

P D 

Syphilitic aortitis 

4“ 4-4’ 

4- 

Partial 

S R 

Mitral stenosis 

+ 

0 

Complete 

A 0 

Caiciinc hypertrophj 

4-4- 

+ 

Partial 

A H 

Hypertension 

++ 

+ 

Partial 

J W K 

Hypertension 


0 

Complete 

J R 

Hypertension 

+ 

+ 

None 

E E 

Hypertension 

+ 

+ 

None 

W N B 

Hypertension 

+ 

+ 

None 

S U 

Hypertension 

4" 4" 

++ 

None 

B S 

Hypertension 

+ 

4-4- 

Worse 

J S 

Cardiac hypcrtroplii 

-r + 

0 

Complete 

L 0 

Hypertension 

4- 

0 

Complete 

M B J 

Hypertension 


+ 

Partial 

M C 

Hypertension 

+ 

4- 

None 

L B 

Hypertension 

4-4- 

4 - 4 - 

None 

D T 

Hypertension 

++ 

0 

Complete 

PAM 

Hypertension 

4“ 4* 

0 

Complete 

J V 

Arteriosclerosis 

4-4- 

4* 

Partial 

T B H 

Syphilitic aortitis 

4-4' 

0 

Complete 

J P 

Sj'philitic aortitis 

+ 

4- 

None 

L V 

Syphilitic aortitis 

4-4- 

0 

Complete 

C H 

Syphilitic aortitis 

++ 

0 

Complete 

M B 

Cardiac hypertrophj 

4-4" 

4- 

Partial 

W K 

Chronic bronchitis 

++ 

h 

Partial 

R L 

Asthma 

4 _ 


None 

MLS 

Cardiac hypertrophy 

4- 

0 

Complete 

J A 

Hypertension 

++ 

0 

Complete 


nearly so striking in this instance as they were in regal d to paroxysmal 
nocturnal dyspnea, and even though we attempted to be very conserva- 
tive in oui reports, and to make allowance for the enthusiasm which 
many patients have over any new therapeutic measure, it was believed 
that the observations of the clinical states did not justify any definite 
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conclusions as to the value of the drug in these relatively early cases 
For this reason an attempt was made to study the matter more exactly 
b\ means of the vital capacity, the ventilation per square meter and the 
\entilation index 

Obseivations on eight cases are shown in the accompanying chart 
None of these patients had edema at the time they were studied, and 
none had even had more than the slightest pitting Four of them had 
had paroxysmal dyspnea before digitalis was administered, and in thiee 



It can be seen that the ventilation index was usually less after digitalis had 
been given In several instances the diminution did not come until the patient had 
been taking the drug for several days In only one subject was there a marked 
increase in the ventilation index after digitalis had been administered 

ot the four this symptom disappeared soon after the drug was given 
The fourth patient (W T ) was not improved All eight patients had 
djspnea on exertion and four of them believed themselves much better 
in this regard after digitalis Three of the others thought that their 
discomfort with exertion was less but did not seem certain The eighth 
patient (W T ) said that he was more short of breath on walking after 
digitalis and seemed to be so when he peifoimed the test 
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In the twenty-five determinations of the ventilation index after 
digitalis had been administered, a large reduction was observed thirteen 
times, a slight reduction six times, a slight increase (usually very slight) 
five times and a maiked increase once (W T ) Seven of the eight 
patients had, on the aveiage, a lower ventilation index after the diug 
In two patients, tests done after digitalis had been administered foi 
two or three days only showed no change, but later tests showed a well 
marked decrease in the ventilation index 

The objection might be raised that since the observations after 
digitalis were made subsequent to those befoie the drug, the lower 
values weie due not to the drug but to the fact that the patient had 
become used to the test and bettei trained to the exercise This 
objection is not valid because almost every peison is ^‘tiained” to climb 
stairs and also because it was shown in the previous paper of the senes 
(Harrison, Turley, Jones and Calhoun [1930]) that initial values are 
not higher than those obtained on subsequent tests 

It IS of some interest to note that before digitalis uas given, the 
ventilation index was above the upper noimal limit for the corre- 
sponding exercise m every patient (ROE had a ventilation index 
of 19 9 for exercise I, the upper normal limit being 20 , but for exer- 
cise II, Ills ventilation index was 26 5, the upper noimal limit being 
25 0) After digitalis, four of the eight patients had ventilation indexes 
at or below the upper normal limit, although onl} one of these (R O 
E ) was as low as the noimal average 

COMMENT 

Since both subjective and objective data were in agreement, the 
conclusion seems justified that digitalis is usually of value in patients 
with regular cardiac rhythm suffering from paroxismal nocturnal 
dyspnea or from djspnea on exeition (provided, of course, that the 
dyspnea is due to disease of the heart) The number of our patients 
with rheumatic heart disease was too small to justify generalizations 
m regard to this condition, but patients with hypei tensive, arterio- 
sclerotic and syphilitic heart disease were usually benefited So far as 
we know, the piesent data constitute the first objective demonstration 
of the value of digitalis in benefiting the dyspnea of patients with 
regular rhythm without frank congestive failure, although Cohn and 
Stewart (1924) have demonstrated objective effects of the drug m such 
patients with congestive failure 

The observations concerning the ventilation index seem to indicate 
that this method of stud)'’ may be of some geneial use in evaluating 
therapeutic measures in patients with cardiac disease Until the present 
time it has been easy to determine whether a given drug v as of value 
in combating cai diac edema, because the urine volume could be measured 
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and the patient could be weighed Methods of expressing dyspnea 
quantitatn ely have not been available and this probably explains the 
general confusion which, as has been pointed out, has existed in 
regard to the value of digitalis at an eaily stage when the patient has 
dyspnea only 

Although the data lepoited indicate cleaily that digitalis is of value 
in patients with cardiac disease and legular rhythm, they do not throw 
any light on the mechanism whereby the drug produced improvement 
except so far as they demonstiate improvement without changes in 
heart rate and without diuresis 

Heymans and Heymans (1926) have demonstiated the existence of 
respiratory reflexes aiismg fiom the heart and aoita Recently, Sutton 
and Lueth (1930) ha\e shown that acute mechanical distention of the 
aoita and of the left ventricle produces paroxysmal dyspnea in the dog 
It is possible that leflexes fiom the heart may play some role in the 
pioduction of paioxysmal dyspnea in man If caidiac dilatation per se 
can produce d} spnea, one would expect digitalis to have a very beneficial 
action However, the fact that the drug has such an effect m stiilang 
degree can m no sense be regarded as pi oof that the dyspnea is due to 
dilatation Fuithei data along this line aie needed 

SUMMARY 

The effect of digitalis has been studied m foity-three patients with 
legular cardiac ihythm Most of the patients had never had congestive 
failure None of them had more than slight edema at the time the} 
weie studied and the majoiity had none The following lesults weie 
obtained 

1 Nineteen patients had paroxysmal nocturnal dyspnea (cardiac 
asthma) Sixteen of these persons weie completely relieved of this 
S}niptom by digitalis, two patients were partially leheved and one was 
worse after the diug 

2 Forty -three patients had dyspnea hi ought on by exertion Definite 
benefit was obtained in fifteen of these, apparent benefit in fourteen and 
no improvement in twelve, and two patients were woise after the drug 

3 In eight subjects the vital capacity, ventilation per square metei 
on standardized exercise and ventilation index weie studied Seven of 
the eight patients reported clinical improvement of some degree and 
in all of them measui ements of ventilation also indicated improvement 
One patient felt woise after digitalis, and objective study of the 
ventilation showed that he w^as worse 

As a result of this study, it is concluded that digitalis is of great 
benefit in patients with paroxysmal dyspnea and is of some value in 
man^ patients with dyspnea bi ought on by exertion 
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ILLUSTRATIVE CASES 

Case 1— H O , patient, a Negress, aged 41, complained of mild smothering 
spells on lying down, and of slight shortness of breath on exertion, her ankles 
occasionally were slightly swollen 

Physical examination revealed slight cardiac enlargement, the pulmonic second 
sound was exaggerated and there was a soft systolic murmur at the pulmonic 
area The pulse was regular, the blood pressure was 148 systolic and 100 dias- 
tolic, the Wassermann reaction was negative Teleoroentgenograms show^ed that 
the heart ivas at the uppei limit of normal size 

She was put on potassium iodide, and two weeks later her dyspnea W'as unim- 
proved Digitalis rvas then given, 1 Gm daily for two days and 01 Gm dailv 
thereafter Four days later she reported no nocturnal dyspnea or orthopnea Two 
weeks after this there w'as still no orthopnea and the patient believed that her 
dyspnea on exertion was better 

C\SE 2 — D S, the patient, a Negress, aged 39, complained of slight dvspnea 
on exertion for several months , for one month she had had mild paroxj sms of 
dyspnea at night There had never been any edema 

Physical examination levealed slight cardiac enlargement The blood pressure 
was 162 systolic and 100 diastolic The Wassermann reaction w'as negative 

Digitalis was given , 1 Gm daily for two days and 0 1 Gm daily thereafter 
A week later she reported that the nocturnal dyspnea had disappeared but that 
the dyspnea on exertion was unchanged Since that time, tw'o yeais ago, she has 
been free from nocturnal dyspnea and has taken digitalis at intenals with ques- 
tionable effects on her dyspnea on exertion 

Case 3 — L C , an obese Negress, aged 43, complained of dyspnea and palpi- 
tation on the slightest exertion These symptoms had been becoming progressively 
wmrse for seven months She was unable to walk across the room without stop- 
ping to rest For several weeks she had been forced to sit up to breathe at night, 
and she now was unable to sleep m bed even w'lth thiee pillow'S She would "doze” 
for a few minutes and then be awakened by dyspnea During the last few da.vs 
her ankles had been slightly swollen at night She dated all of hei symptoms 
from an attack of migratory polyarthritis The heart was slightly enlarged, the 
point of maximal impulse being 1 cm outside the midclavicular line The rate 
was 104 There was a loud blowing apical systolic murmur, and "tic-tac” qualit} 
of sounds The blood pressure was 172 systolic and 100 diastolic No lales wen 
heard m the lungs There was no edema 

She was given digitalis , 1 8 Gm m four days and 0 1 Gm daily thereaftei 
She stated, a week later, that her nocturnal dyspnea was completely relieved and 
that she was able to walk at a normal pace without dyspnea After six weeks, 
digitalis w^as stopped Two months later she complained of dyspnea with very 
slight exertion The drug was readministered and she again improved In the 
past two years digitalis has been stopped seven times On each occasion hei 
dyspnea on exertion has become worse within a few weeks and on one instance 
nocturnal dyspnea reappeared one month after the drug was discontinued In 
each instance there has been a rapid improvement in dyspnea follow ing redigi- 
talization 

Case 4— M G, the patient, a Negress, aged 37, had had increasing dyspnea 
on exertion for one jear and severe paroxysms of dvspnea and cough at mght 
for five w'^eeks There had never been ary edema 
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Plysical examination rcAealed an obcbe woman wnth severe orthopnea The 
point of maximal cardiac impulse was in the sixth interspace, 4 cm outside of 
the midclavicular line All the sounds were exaggerated, the heart was o\ei- 
active , there rvas a double apical gallop The aortic second sound was accentuated 
and the pulmonic second sound more so There w^as a loud high-pitched musical 
s 3 stohc murmur The b’ood pressure was 160 systolic and 88 diastolic The 
lungs w'ere clear The liver was not felt, there was the slightest pitting edema 
The Wassermann reaction was ‘'anticomplementary” The electrocardiogram 
show^ed sino-auncular rhvthm Teleoroentgenograms revealed moderate cardiac 
enlargement and dilatation of the aortic arch 

The patient was given 16 cc of tincture of digitalis immediatelj’-, 4 cc the 
follownng day and 25 drops daily thereafter Five days later she reported that 
she had slept better the first night and had had no nocturnal dyspnea since then , 
her dyspnea on exertion was much improved 

For the past two years she has recened digitalis most of the time She has 
had one frank attack of congestive failure w'lth edema, otherwise she has done 
fairly w'ell 

Case 5 — ^^V T , the patient, a Negro, aged 52, complained of progressive 
dj^spnea on exertion for two months, and of severe paroxysms of nocturnal dyspnea 
for fi^e weeks At first he would only be awakened once each night but more 
recently the paroxysms had occurred whenever he went to sleep, and he had to 
sit up all night 

Examination revealed orthopnea, marked cardiac enlargement, a gallop rhythm, 
a faint apical systolic murmur, general arteriosclerosis and tenderness m the liver 
region The blood pressure was 170 systolic and 130 diastolic There was no 
edema He was given digitalis, 1 Gm immediately, 0 5 Gm the following day 
and 02 Gm daily thereafter Nine days later he said that he had felt a little 
better for the first two davs but that he was now worse than before, he was 
having sei ere paroxysmal dyspnea, and Ins dyspnea on exertion was worse There 
w^as slight pitting edema 

Case 6 — R O E , the patient, a w'hite man, aged 55, had had dyspnea on 
exertion since influenza a j'ear previously During the past month this had 
increased, and he had been unable to carry on his usual w'ork as construction 
superintendent In the past three weeks he had had four attacks of nocturnal dysp- 
nea, and had also noted substernal pressure brought on by exertion and relieved by 
rest The heart was slightly enlarged, the point of maximal impulse being 2 
cm outside the midclavicular line The rate was 80 There were occasional 
premature beats , there were no murmurs The arteries were moderately thick- 
ened The blood pressure w'as 115 systolic and 70 diastolic Electrocardiograms 
show'ed a left ventricular preponderance He was given digitalis, 1 8 Gm m three 
days and 0 2 Gm daily thereafter Four days later he reported that his dyspnea 
on exertion was ‘‘possibly a little better” and that he had had no paroxysms of 
dyspnea After taking digitalis for two weeks he said that w^as much better , he 
could w'alk further and faster and continued to be free from nocturnal dyspnea 

CvsE 7 — A H, the patient, a Negress, aged 53, had noticed dyspnea for one 
month on climbing stairs, and for the last week on less exertion There had been 
no paroxj sinal nocturnal dj^spnea, but for the past few \\ eeks she had had to 
sleep on tvo pillows She had never had edema The pulse rate was 96, about 
e\er 3 filth beat was premature The point of maximal cardiac impulse was very 
forceful in the fifth interspace about 14 cm from the midsternal line The mitral 
first sound was normal m quaht 3 ’^ The pulmonic second sound was slightly 
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accentuated and the aortic second sound was markedly so, there was a presystohc 
gallop at the apex and a soft apical systolic murmur The blood pressure was 
186 systolic and 138 diastolic There were no rales m the lungs, the Iner was 
not felt and there was no edema 

She was given 1 6 Gm of digitalis m four days and then 0 2 Gm daily A 
week later she was seen again and complained of anorexia and nausea but no 
vomiting She stated that her dyspnea was very much better The point of 
maximal impulse was 12 cm from the midsternal line, the gallop rhythm and 
extrasystoles had disappeared The blood pressure was 220 systolic and 140 dia- 
stolic The patient did not return to the clinic again 

Case 8— J W K, the patient, a Negro, aged 34, had been short of breath 
on walking slowly uphill, for thirteen months , he had been a little worse recently 
He had had no dyspnea when walking on the level and no paroxysmal dysp’iea 
or edema 

Physical examination revealed a slightly enlarged heart, as shown both b> 
percussion and roentgenography The aortic second sound was ringing , a \ erj' 
faint diastolic murmur was heard along the left sternal border The blood pres- 
sure was 170 systolic and 100 diastolic Repeated Wassermann tests of the blood 
were negative The patient was given digitalis, 1 8 Gm in three days and then 
0 2 Gm daily Two weeks later he reported that the dyspnea was less severe 
At the end of another month he was still improved and had dyspnea only when 
running 

Case 9 — J R, the patient, a Negro, aged 57, had numerous complaints refer- 
able to various systems For an indefinite period he had had dyspnea on exertion 
but no paroxysmal dyspnea or edema The only positive findings were arterio- 
sclerosis, a blood pressure of 180 systolic and 120 diastolic, a pulse rate of 100 and 
a slight cardiac enlargement During the two years m which he was followed 
he was thoroughly digitalized twice On neither occasion could he report an 
improvement m his dyspnea 

Case 10 — J S , the patient, had had increasing dyspnea on slight exertion foi 
a month He also had had a chronic cough for an indefinite period He had had 
no nocturnal dyspnea or edema 

Examination revealed marked cardiac enlargement, a blood pressure of 108 
systolic and 80 diastolic, with marked alternation and very loud heart sounds The 
electrocardiograms showed notching of the QRS complex, inverted T 1 and T 2 
and a left ventricular preponderance Following digitalization — 1 2 Gm in three 
days, follow'ed by 0 2 Gm daily — he reported that his shortness of breath was verv 
much better Three months later digitalis was stopped and within a month he 
again noted dyspnea on slight exertion He was redigitalized, and ten daj s later 
said that he could perform ordinary activities with comfort and was dyspneic onh 
with severe exertion 
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MECHANISMS OF THE CONTRACTION AND EVACU- 
ATION OF THE GALLBLADDER 


LATHAN A CRANDALL, Jr, MD, PhD 

CHICAGO 

Ihe factois concerned ni the conti action and evacuation of the 
gallbladdei have been gieatly claiified by Ivy and his collaboiatois,^ 
who have shown that the intioduction of acid or of digested fat into 
the duodenum libeiates a hoimone, named by them “cholec} stokimn/ 
wdnch causes an active conti action of the viscus Then wmik indicates 
that this libeiation of cholecystokimn is one of the principal mechanisms 
b} which evacuation of the gallbladdei is effected In new of then 
lepoits, an evaluation of other possible mechanisms is of impoitance 

REFLEX AND DIRECT STIMULATION OF THF EXTRINSIC NERVES 

The literatuie on the extimsic neives of the gallbladdei was 
reneived in 1924 by Mann,^ wdio was led to conclude that the vagus 
IS mainly motor and the splanchnic mainly inhibitory Expeiimental 
wmrk up to this time had been laigely concerned wnth stimulation of 
the neives under anesthesia and by means of diugs, but several inves- 
tigators have subsequently used moie physiologic methods Whitakei ® 
filled the gallbladders of dogs with iodized oil and placed shielded 
electrodes on the vagus, stimulation of the vagus some time aftei 
lecoieiy from the anesthesia did not lesult in any change in the 
shadow^ of the gallbladder He also found that the gallbladdei leacted 
noimally to a meal aftei section of both the Aagus and the splanchnic 
To stud}- the effects of stimulation of the splanchnic m human beings 
he injected epinephrine, but obseived no response Cophei and 
Kodama ^ visualized the gallbladdei s of dogs by injection of die and 
iveie unable t6 find any definite evidence of control b} the lagiis oi 

‘^Submitted for publication, Feb 11, 1931 
From the Department of Physiology and Pharmacologv^ Northwestern 
University Medical School 

1 Ivy, A C , and Oldberg, E Am J Physiol 86 599, 1928 Lueth FI C , 
Iiy, A C, and ICloster, G Am J Physiol 91 329, 1929 Ivi, A C Proc' 
Internat Assemb Inter-State Post-Grad M A, North America ( 19 ^ 9 ) 5 178 
1930 

2 Mann, F C Ph\sioI Rev 4 251, 1924 

3 Whitaker, L R Am J Physio! 78 411, 1926 

4 Gopher and Kodama Unpublished quoted by Graham et al (footnote 
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splanchnic Bo} den ® found that epinephrine injected intiavenously into 
cats produced a diminution of the size of the shadow of the gallbladder 
Burget,® howe^ er, expressed the belief that this is due to relaxation of 
the distal end of the common bile duct rather than to contraction of the 
gallbladder Birch and Bo5?den found changes in the shape of 
the gallbladder occurring reflexly on electrical stimulation of the 
stomach and large intestine in unanesthetized animals Sosman, Whita- 
ker and Edson® obseived no effect on the human gallbladder from the 
sight, smell, or taste of food, nor did they find any consistent effect 
as a result of subcutaneous injections of atropine, physostigmine, pilo- 
carpine or epinephrine in human beings Whitaker ® stated that letting 
a hungiy dog take food into its mouth is without effect on the shadow 
of the gallbladder Boyden and Birch found that “smelling of food 
has no effect upon the gallbladder,” although later Boyden reported 
that when patients are allowed to smell bacon there is a momentaiy 
discharge of bile According to Elman and McMaster,^^ who woiked 
on dogs, the taking of food is immediately followed in most cases by 
a brief increase in pressure in the gallbladder and a decrease in the 
resistance offered by the common bile duct to the outflow of bile 

EFFECTS OF SHAM FEEDING ON EVACUATION OF THE GALLBLADDER 

In View of the contradictory reports in the literature on the action 
of the extrinsic nen^es, it was felt that further experimental work 
was indicated Sham feeding suggested itself as a method of attack 
on this problem, since it is well known that sham feeding reflexly 
stimulates the vagus, markedly increasing the secretion of gastric juice 
and to a slight extent the secretion of pancreatic juice, as well as influ- 
encing the motility of the gastro-intestinal tract A review of the 
literature failed to show any report on the use of sham feeding in 
this connection Accordingly, four dogs were prepared with esophageal 
and gastric fistulas The gallbladders of these animals were visualized, 
and they were allowed to drink egg yolk or to eat chopped meat for 

5 Boyden, E A Anat Rec 33 201, 1926 

6 Burget, G E Am J Physiol 81 422, 1927 

7 Birch, C L , and Boyden, E A Am J Physiol 92 301, 1930 

8 Sosman, M C , Whitaker, L R, and Edson, P J Am J Roentgenol 
14 495, 1925 

9 Whitaker, L R The Mechanism of the Gallbladder and Its Relation to 
Cholelithiasis, J A M A 88 1542 (Mav 14) 1927 Krause, W F , and Whitaker, 
L R Am J Phvsiol 87 172, 1928 

10 Bo 3 den, E A , and Birch, C L Proc Soc Exper Biol S. Med 24 827, 
1927 

11 Bo 3 den, E A Proc Soc Exper Biol &. Med 25 99, 1927 

12 Elman, R, and McMaster P D T Exper Med 44 151, 1926 
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from one-half to one hour In three of the animals the gastiic juice 
was withdrawn from the stomach every five minutes during the peiiod 
of sham feeding, in the fourth dog it was not removed, nor did leakage 
occur through the gastiic fistula Six tests were made on these four 
animals, and in no instance did sham feeding cause any appaient change 
111 the size or density of the shadow of the gallbladdei In each case 
the gallbladder evacuated completely after the intioduction of egg yolk 
into the stomach thiough the gastric fistula The dogs weie all in good 
condition and hungry at the time of the experiments 

EFFECTS OF PSYCHIC STIMULI ON EVACUATION OF THE GALLBL\DDER 

IN HUMAN BEINGS 

To test the effects of psychic stimuli on the evacuation of the gall- 
bladder in human beings, two healthy male medical students vere given 
intravenous injections of dye and fasted for more than forty-eight 
hours During this time they were repeatedly subjected to the sight 
and smell of food which others were eating In neither case was 
there evidence of emptying of the gallbladder as a result of the psichic 
stimuli 

EFFECTS OF DIRECT STIMULATION OF THE VAGUS AND SPLANCHNIC 
NERVE ON EVACUATION OF THE GALLBLADDER 

In View of the negative results of sham feeding and of psychic 
stimuli, it was decided to repeat the experiments of previous workers 
111 the direct stimulation of the vagus and splanchnic neive In three 
dogs shielded electrodes were placed on the peripheral end of the light 
vagus, just above the diaphragm , the left vagus was similarly treated 
in one dog Ethei anesthesia and aseptic technic were used At the 
same time the gallbladders of these animals were filled with iodized oi 
brommized oil Stimulation of the peripheral vagus with a tetanizmg 
current on the following day for fiom one-half to one hour caused 
audible borborygmi but did not result in any expulsion of oil into the 
duodenum Similar stimulation of the right splanchnic neive in one 
dog whose gallbladder was filled with iodized oil was likewise without 
effect All the animals responded to a fat meal or to the intiavenous 
injection of cholecystokinm by the expulsion of consideiable amounts 
of the radiopaque oil from the gallbladder Stimulation of the 

13 The results of these experiments on human beings, as well as all the other 
human experiments, are reported by the courtesy of Dr James T Case, Professor 
of Roentgenology, Northwestern University Medical School, under whose auspices 
they uere performed, and of Dr E R Crowder, Fellow in Roentgenology, who 
assisted m the human experiments 
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splanchnic in one human subject was attempted b} the subcutaneous 
injection of 0 5 cc of epinephrine, there was no lesultmg change in 
the shadow of the gallbladder, although emptjing occurred following 
a fat meal In a personal communication, Dr Case stated that he 
Had had consistentl}^ negative results in fifteen such expeiiments, 
although he had injected as much as 1 cc of epinephrine 

Thus all attempts to induce contraction of the gallbladdei by means 
of aitificial direct stimulation or noimal leflex stimulation of the 
\cigus and splanchnic in human beings and dogs weie unsuccessful, 
which agrees with the results obtained by the majoiity of pie\ious 
woikeis Sham feeding is the strongest normal tjpe of leflex excitation 
of the digestive processes that are iindei the influence of the Aagus 
Since sham feeding in the dog and psychic stimuli in man do not affect 
the shadow of the gallbladdei, it is probably not necessai} foi the 
patient who has been given the Giaham test to avoid the sight oi 
smell of food 

SPONTANEOUS EMPTYING 

Giaham and his associates brought forth evidence pointinp^ to 
spontaneous emptying, which they asciibed to a washing out of the 
bile 111 the gallbladdei by freshly secreted bile fiom the liver Whita- 
ker® stated that he had obseived in dogs spontaneous emptying of 
gallbladdei s filled with “light iodized oil,” but ofteied no explanation 
foi the phenomenon Iodized poppy-seed oil 40 pei cent, which had 
been used by many workers for filling the gallbladdei s of expeiimental 
animals, has a viscosity of 90 at 20 C (watei taken equal to 1), while 
the average Mscosity of eight samples of the bile fiom dogs’ gallbladdei s 
was found to be 18 at 38 C (maximum 2 2, minimum 14) A much 
gieatei force would be necessary to empty the highly viscous iodized 
poppy-seed oil than to expel the bile in the gallbladdei Accoidingl} 
the gallbladdei s of seven dogs weie filled with a radiopaque hiomi- 
nized oil having a viscosity of 5 3 at 38 C , since the viscosity of this 
oil approaches so much more closel)^ that of the bile of the gallbladdei, 
noimal conditions were more nearly appioximated In all seven dogs 
the gallbladders emptied spontaneously , in most cases they wei e moi e 
than half empty at the end of fiom eighteen to twentj-foui hours It 
was considered that the nonoccurrence of spontaneous emptying in 
gallbladdei s filled with iodized poppy-seed oil might have been due 
to the fact that the oil was too viscous to pass the sphinctei of Oddi 
Four dogs were prepaied with cannulas in the mtiamuial poition of 

14 Graham, E A , Cole H , Gopher, G H , and Moore S Diseases of 
the Gall Bladder and Bile Ducts Philadelphia Lea & Fehiger 1928 
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the common bile duct and extending into the lumen of the duodenum, 
so that resistance in the intiamuial portion of the duct and in the 
sphincter would be eliminated When the gallbladders of these animals 
weie filled with iodized poppy-seed oil, spontaneous emptying took 
place comparable to that obseived when the gallbladder was filled with 
a light brominized oil 

Spontaneous emptying of the human gallbladder after visualization 
by tetiothalein sodium has apparently not been observed According to 
Sosman, Whitaker and Edson ® and Krause and Whitaker,^ even a meal 



Fig 1 — Gallbladder filled with brominized oil with viscosity of 5 3, showing 
spontaneous emptying A, fifteen minutes after filling, B, six hours after filling, 
C, twenty hours after filling 

of carbohydrates has no effect on the shadow Case stated that a 
carbohydrate meal taken one or two hours after intravenous injection 
of the dye does not interfere with visualization Four expeiiments 
weie conducted which confiimed the foregoing reports Spontaneous 
emptying in human beings was studied in two subjects, who had 
leceived the dye intravenously Roentgenograms were made thiough- 

15 Case, J T Evaluation of Cholecystography, J A M A 92 291 (Jan 
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out a peiiod of fasting of fifty and fifty-two hours, respectively In 
one of the subjects there was a slight decrease in the opacity of the 
gallbladder foity-eight hours aftei injection of the dye, in the other 
there was no evidence of emptying In two cases in which carbo- 
h}diates alone were eaten following visualization of the gallbladder in 
human beings, the shadow definitely though slowly decreased in density, 
the change being distinctly appieciable within twenty-foui hours 
Lueth showed that each peiistaltic wave of the duodenum in anes- 
thetized dogs IS associated with a deciease in the resistance to the flow 
of bile into the intestine Others ascribed the emptying of the 
gallbladder entirel)^ to intestinal motility The slow emptying of the 
human gallbladder when fat and protein are eliminated from the diet 
shows, however, that peiistalsis in the duodenum is not the primaiy 
factoi in the rapid emptying that occurs following a mixed meal 
Spontaneous emptying of oil, as observed in the dog, may be a lesult 
of contractions that are secondary to the trauma caused by the injec- 
tion of the oil, although in general any injury to the viscus tends to 
delay lather than to stimulate emptying In human subjects the rela- 
tnely long persistence of the shadow may conceivably be ascribed to a 
reabsoiption and reconcentration of any expelled dye, facilitated by 
an empt} gastio-intestinal tract 

COMMENT 

The purpose of this study is not the evaluation of all of the factoi s 
that may cause minor changes m the tonus of the gallbladder or effect 
the expulsion of small amounts of bile, it is rather the determination 
of what mechanisms are responsible for the relatively complete empty- 
ing that indubitably occurs following a mixed meal This has variously 
been ascribed to a reflex stimulation involving the extiinsic nerves, 
to duodenal motility with relaxation of the sphincter of Oddi, to the 
effects of respiratory movements and to elastic recoil of the distended 
VISCUS More recently Ivy ^ has shown that the specific effect of 
digested fat is the liberation of a hoimone which causes contraction 
of the musculature of the gallbladder and may produce almost complete 
emptying Space does not permit a complete discussion of all of the 
theories that have been advanced to explain the evacuation of the 
gallbladder Most workers are now agreed that it is largely effected 
by contraction of the smooth muscle in the wall of the viscus The 
resistance offered by the intramural portion of the common bile duct 
undoubtedly plays a part, since it has been shown that the pressuie 
necessaiy to eject bile through the duct may vary within wide limits, 

16 Lueth, H C Unpublished work 



CRANDALL— THE GALLBLADDER 


1223 


and that bile usually enters the duodenum in spuits synchionous with 
the waves of peristalsis That this is not a major factoi is shown by 
the facts that, after section of the common bile duct, emptying occurs 
relatively slowly (Boyden and Birch , that emptying is likewise slow 
when the diet is limited to carbohydrates, and that physostigmme, which 
inci eases peristalsis, and epinephrine, which relaxes the intestines, have 
no marked effect on the shadow of the gallbladdei Boyden ® especially 
has bi ought foith evidence that the extrinsic nerves exercise some con- 
trol ovei the motility of the gallbladder His expeiiments with the 
intrarenous injection of epinephrine may be regarded as unphysio- 
logic, and m the hands of several workers epinephrine injected subcu- 
taneously had been ineffective (Whitaker,^ Sosman et al ,® Case 
He found that reflexes set up by electiical stimulation of the stomach 
or of the large intestine may cause changes m the shape of the gall- 
bladder and the evacuation of small amounts of bile, but that such 
reflexes do not cause massive emptying similar to that provoked by 
a meal containing fat or protein The extrinsic nerves seem to play 
only a minor role, if any, in the normal functioning of the organ The 
washing out of the contents of the gallbladder with fresh bile from the 
liver, as suggested by Graham, m conjunction with the pait played by 
duodenal motility, may result m the gradual evacuation of the contents 
of the gallbladdei over a peiiod of many hours, m the absence of a 
specific stimulus It is possible that the liberation of cholecystokinin 
by the action of fat in the stomach may assist somewhat m evacuation 
(Diewyer and Ivy^^) The present study, however, indicates that the 
liberation of cholecystokinin from the upper intestine by the action 
of fat or of acid is chiefly responsible for the rapid and complete 
emptying of the gallbladder m response to a mixed meal, duodenal 
motility facilitating the piocess 

CONCLUSIONS 

1 Sham feeding and direct stimulation of the vagus and splanchnic 
neive m dogs, and psychic stimuli and the injection of epinephrine in 
human beings have not been found to have any effect on the motility 
of the gallbladder 

2 The gallbladders of dogs when filled with bromimzed oil that 
IS less than three times as viscous as bile empty about one half of the 
oil spontaneously in from eighteen to twenty-four houis 

3 The gallbladders of dogs when filled with iodized oil of the usual 
relatively high viscosity empty about one-half spontaneously m from 

17 Drewyer, G E, and Ivy, A C Proc Soc Exper Biol &: Med 27 186, 
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twelve to twenty-foui houis when the resistance of the intramural 
portion of the common bile duct is eliminated 

4 In fasting human subjects little tendency toward spontaneous 
emptying of the gallbladder is observed 

5 In human subjects on a carbohydrate diet there is a tendency 
toward emptying of the gallbladdei ovei a period of fiom twenty-four 
to fort} -eight houis 

6 It IS concluded that the hbeiation of cholecystokmm by the action 
of fat or of acid m the intestine is the major factor concerned m the 
contraction and evacuation of the gallbladder that follow a mixed 
meal Duodenal motility facilitates this process 



PROPHYLAXIS OF POSTOPERATIVE PNEUMONIA BY 

ORAL HYGIENE 

A PRELIMINARY REPORT'*' 

SIGMUND W A FRANKEN, D D S 

NEW YORK 

Foi the past two decades, serious consideration has been given to the 
etiology and prevention of postoperative pneumonia In a large majority 
of the well organized hospitals, suggestions made by such men as 
Whipple,^ Elwyn” and Henderson^ are now incorporated as a matter 
of routine These suggestions include 

1 The better protection of the patient from chills and drafts before, during and 
after operation and in his journey to and from the operating room 

2 The use for abdominal operation of bandages of a type that will aid in relieving 
the pain of breathing and permit deeper inhalation 

3 The use of opiates for a few days post operation to facilitate breathing by 
elimination of pain 

4 The inhalation of carbon dioxide and oxygen at the termination of general 
anesthesia, for ventilating and removing the anesthetic from the lungs to restore 
normal breathing 

5 The postponement of operations in the presence of active or recent disturbances 
of the upper respiratory tract 

6 The choice of anesthesia and its administration by a trained personnel 

Among other factois m the causation of postoperative pneumonia 
aie 

1 The site of operation 

2 The presence of latent pulmonary disease 

3 The aspiration of septic material from the mouth 

Among these causes and factors, the aspiration of septic material 
from the mouth during anesthesia probabl} contributes the laigest share 
of potential danger to the patient, indeed, Featherstone quoted Prof 

Submitted for publication, March 28, 1931 
' From the Dental Service, Lenox Hill Hospital 

" Read before the New York Academy of iMedicme, Section of Surgery and 
Rhmology, Dei 6, 1930 

1 Whipple, A O Post-Operative Pneumonitis, Surg, Gynec & Obst 26 29 
(Jan ) 1918 

2 Elwyn, Herman Post-Operative Pneumonia, J A M A 79 2154 (Dec 
23) 1922, 82 384 (Feb 2) 1924 

3 Henderson, Yandell Acapnia as a Factor in Post-Operative Shock, Atelec- 
tasis and Pneumonia, J A M A 95 572 (Aug 23) 1930 

4 Featherstone, Henry An Inquiry into the Causation of Post-Operative 
Pneumonia, Brit J Surg 12 487 (Jan ) 1925 
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J Shaw Dunn of the chair of pathology at Biimingham (England) in 
saying that aspiration pneumonia is the commonest form of postoperative 
pneumonia Obviously, it is not possible to prevent entiiely the aspiia- 
tion, but it seems that a reduction of its septic and filthy properties might 
be feasible and of extreme value Not only because little, if any, work 
had been done along these lines, but because this particular field of 
prophylaxis lay within the province of the dentist, I was moved several 
years ago to suggest to the attending suigeons of the Lenox Hill Hos- 
pital that we strive to eliminate the infectious condition of the mouth 
befoie operation, and thus test the validity of this hypothesis Although 
the proposal met with immediate cooperation and aid, our procedure at 
the outset was, of necessity, makeshift, for the dental department was 
not sufficiently manned foi the undertaking However, as an initial 
step 111 the preoperative oral care of surgical patients, we made a brief 
trial m 1925, selecting the medical pneumonia season of February 
and March We subjected the patients in one of the active surgical 
services to the new routine and used those in the other service as contiols 

I 1 egret to say that the result of six weeks’ trial was discouraging, 
for a patient in the service receiving oral care developed postoperative 
pneumonia on the last day of the experimental period But the fact that 
the patient had had a hernioplasty performed under a local anesthetic 
did much to mitigate a natural disappointment, and we decided to con- 
tinue the experiment at a later date, for the intensive preoperative oral 
care of the surgical patients, m addition to the care of all the other ward 
patients, for more than a limited period, proved too severe a physical 
strain on the dental intern Therefore, continuing with the February 
and March seasons of the following and succeeding years, we alternated 
each year from one surgical service to another, and gave the patients 
during that time complete preoperative oral care Then, early in 1928, 
on the appointment of a dental prophylactic nurse to the staff to assist 
the intern, we began at the end of February of that year with a full and 
complete dental routine for the preliminary care of all the operative 
patients in the surgical and genito-unnary sennces No other changes 
were inaugurated in the treatment or handling of surgical patients The 
usual care was continued, with only the addition of the intensive oral 
care by the dental department 


TECHNIC 

Adhering to the general fact that patients with nonemergency cases are admitted 
to the hospital for observation from two to four days prior to operation, the dental 
department contrives to do its work during that period This can, and is, done 
w ithout interfering with the patients’ usual preoperative surgical routine of exami- 
nations, laboratory tests and observation 
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As soon as possible after admission to the wards, the patient is sent to the 
dental room, which is situated near the surgical wards First, the gums and teeth 
are thoroughly swabbed by the dental hygienist with a solution consisting of 

Zinc chloride 15 parts 

Aqua destillata 10 parts 

Iodine crystals 25 parts 

Glycerin 50 parts 

After the swabbing, the teeth are thoroughly scaled and polished, and the condi- 
tion of the mouth is charted, on a separate dental sheet of a distinguishing color, as 
to carious teeth, teeth to be extracted, missing teeth, condition of the soft parts and 
the presence of crowns and bridges The patient is also instructed in the proper 
use of a toothbrush, and, if without, he is presented with a good, serviceable one 
This toothbrush is not the usual clinic type, with bamboo handle, but has a good 
bone handle with seven pairs of double-row bristles 

The patient then returns to the ward, where the medical nurse sees that he uses 
hourly a mouth wash consisting of a 2 per cent formaldehyde solution — a tea- 
spoonful to one-half glass of water In the event of infected roots or teeth, the 
dental intern immediately begins to extract one at a time, at intervals of twenty- 
four hours, and then only if there has been no unfavorable reaction after the first 
or subsequent extractions If any reaction, such as a rise of temperature, should 
occur post extraction, the intern is not permitted to continue until not only the 
subsidence of symptoms takes place, but also a consultation is held with the sur- 
gical staff as to the advisability of further extractions Extractions are never done 
in the twenty-four hours immediately preceding the scheduled surgical operation 
On the second morning after admission, the patient’s mouth is again swabbed 
with the solution used immediately after admission, and the formaldehyde mouth 
wash IS used every hour This daily swabbing and hourly mouth wash are con- 
tinued up to the time the patient leaves the ward to go to the anesthesia room, 
where he gets the final swab and mouth wash 

This completes the technic incorporated for periods of about six 
weeks up to Feb 26, 1928, when, with the appointment of a dental 
hygienist, we continued to give the preoperative oral care described 
through the entire year Although the woik is still being carried on, oui 
leport ends on Feb 26, 1930, completing two years of intensive woik 
Unfortunately, this does not give us as large a number of patients as 
we should wish, as the figures aie depleted by the large peicentage of 
patients who did not go to operation as well as by the number of those 
wdio weie transferied to other sei vices Emergency operations are also 
excluded from the report, but we hope to work out a rapid technic 
that may be used m such instances The results on the 859 patients, 
howevei, show such a marked deciease m the cases of pneumonia that I 
feel justified m offering the repoit as it stands, and trust that m time we 
shall be able to base our findings on the same number of patients as do 
^Vhipple, Cleveland, Elwyn and others 

It IS of value to study the figures given by Featherstone on the num- 
bei of cases of postoperative pneumonia reported from various souices 
Those cited prior to 1919 have been omitted from this report but the 
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figuies of the Lenox Hill Hospital have been added (table 1) The table 
given by Featherstone shows a low of 2 6 pei cent and a high of 8 5 
per cent, whereas the patients who have had preopeiative oral care at the 
Lenox Hill Hospital show an incidence of 0 81 pei cent of postoperative 
pneumonia 

It IS also interesting to note (table 2) that in 1927, at the Lenox Hill 
Hospital, of 975 noncontrolled patients operated on, 25 developed post- 

Table 1 — Figures Given by Feathei stone on the Numbei of Postopei ahve Pneu- 
monias Repotted jioin Vaiioiis Souiccs, ivith Those of Lenox 
Hill Hoipital Added 



Patients 

Pneu 

Incidence, 

Year 

Operated on 

monias 

per Cent 

1919 Cleveland 

1,940 

65 

3 30 

1918 Whipple 

3,719 

97 

2 60 

1921 Mandl 

1,585 


8 no 

1922 Herb 

1,534 

76 

5 00 

1922 Elwyn 

2,932 

81 

2 76 

1924 Elwyn (General) 

1,734 

02 

3 00 

1924 Elwyn Aocal) 

399 

11 


Lenox Hill Hospital 

859 

7 

Nsi 


Table 2 — Lenox Hill Hospital Figures Incidence of Postopei ative Pneumonia 
Befoie and Aftei Establishment of Pi eopei aiive Oial Cate 


Patients Operated orj 

X . 


Year 

t * 

Without With 

Preoperative Preoperative 
Oral Care Oral Care 

\post 

operative 

Pnt\umonias 

Incidence 
per Cent 

1927 

975 

\25 

25 

1928 

298 

\2 

0 7— 

1929 

419 

'L_ 

07 


Table 3 — Figuies Given by Nezv Yoik City Boaid of Health Showing Rise in 
Nitnibei of Cases of Pneumonia Tluoiighout the City 


Case Rate 
per 100,000 


Year 

Cases of Pneumonia 

Population 

1927 

18,273 

306 

1928 

21,079 

350 

1929 

21,132 

358* 


* An increase of approximately 16 per cent 


operative pneumonia — an incidence of 2 5 pei cent, which compares 
favorably with the curient low repoits to that date, also that, although 
no othei measures were employed, the lesults during 1928 and 1929, 
up to Feb 26, 1930, when the loutine of oral care was strictly carried 
out, show an incidence of 0 7 per cent 

The question arises whethei there was a decided drop throughout 
the city in medical pneumonias during those particular two years An 
inquiry at the New York City Board of Health elicited the reply shown 
in table 3 This indicates a rise from 306 pei hundred thousand of 
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population m 1927, to 358 per hundred thousand, in the greater city 
This IS a rise of approximately 16 per cent throughout Greater New 
York During this same period, the patients at the Lenox Hill Hos- 
pital who received preoperative oral care showed a decrease in the inci- 
dence of postoperative pneumonia only 5 of 717 patients who received 
preoperative oral care developed postoperative pneumonia, as compared 
with 25 of 975 patients who did not receive such care This represents 
a reduction of from 2 5 per cent to 0 7 per cent, or a little more than 
two thirds 

Table 4 indicates the regions of the body operated on, the numbers 
of operations performed and the numbers of postoperative pneumonias 
with the incidence per cent Of the 468 abdominal operations, 4 led 

Table 4 — Regions of Body Opeiafed on, Numbers of Postoperative Pneumonias 

and Incidence pet Cent 




Postoperative 

Incidence 

Region Operated on 

Operations 

Pneumonias 

per Cent 

Abdomen 

468 

4 

0 86 

Rectum 

146 



Genito urinary organs 

42 

2 

4 80 

Head and neck 

51 

1 

2 0 

Thorax 

35 



Extremities 

117 



Total 

859 

7 

0 81 


Table 5 — Types of Anesthesias, Nmnhei of Postoperative Pneumonias and 

Incidence per Cent 


Anesthesias 

General, 668 
Local, 149 
Colonic, 6 
Spinal, 36 

Total, 859 


Postoperative Pneumonias 

3 

3 

1 


Incidence, per Cent 

0 5 
20 
16 6 


0 81 


to /postoperative pneumonia, or 0 86 per cent Three of these were 
operations foi hernias, and the fourth was pei formed on a young boy 
who underwent two laparotomies within a shoit time, the pneumonia 
developed after the second operation The two in the gemto-urmary 
seivice weie piostatectomies pei formed on old men The one patient 
in the head and neck division was under colonic anesthesia for a 
long period — over five hours He underwent the removal of a carcinoma 
of the cheek, the cervical glands were dissected, and a plastic operation 
was pel formed 

Table 5 indicates the various types of anesthesias employed The 
figures for patients operated on under geneial anesthesia are most grati- 
fying, with an incidence per cent of only 0 5 Of the three patients 
operated on under local anesthesia, with an incidence per cent of 2, it 
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A\as disclosed, on examination of the case histones, that two had had 
hernioplasties and the third a prostatectomy The high peicentage for 
those operated on under colonic anesthesia is due, jiossibly, to the fact 
that we have so few to report on The patient who developed the post- 
operative pneumonia was the one mentioned as having had the long 
experience in the operating room 

All of these records of patients suffering from postoperative pneu- 
monia were taken from the history charts, and the diagnoses were alwa} s 
made by the surgical and medical staffs After the routine preoperative 
oral care was completed, the dental department had no fuithei contact 
vith the patients Repoits were received from the lecoicl room 

SUMMARY 

For the successful execution of a work of this nature, it is essential 
for the dental department to have the full cooperation of both the sui- 
gical staff and the superintendent of nurses At the Lenox Hill Hos- 
pital, I received encouragement and aid from these sources 

By the use of this technic, which has been developed over the past 
five or six years, we believe that the mouth can be put into a reasonably 
clean, hygienic state before the operation is performed At vaiious 
times, suggestions for milder methods have been presented by those 
cognizant of the work, but at each substitution the results pioved to be 
less beneficial to the patient, and we have always reverted to the loutine 
described 

This pieliminary report on 859 surgical patients who weie given 
definite preoperative oral care indicates a measurable diop m postopera- 
tive pneumonias In the figures submitted, this drop amounts to two- 
thirds, and as nothing was changed and no other measuies weie taken, it 
seems to point out the practical value of a standaid pieoperative oral 
loutine This routine can be established in any general hospital with 
comparatively small expendituie, but it requiies constant coopeiation and 
surveillance 

26 East Thirty-Sixth Street 



AZOTEMIA WITH NORMAL KIDNEYS FOUND 

POST MORTEM 


POSSIBLE CAUSE LOW BLOOD PRESSURE AFTER OPERATION '' 

THEODORE S EVANS, MD 

NEW HAVEN, CONN 

The physiologic processes of the kidney requiie certain constant fac- 
tors The tissue of the kidney must be normal if it is to concentrate 
the sodium chloride of the blood and maintain it at a constant level and 
if it IS to maintain the nitrogenous factors of the blood at a normal 
level The blood pressuie must be within certain noimal limits if the 
kidney is to secrete pioperly fluid and other products in solution If 
the blood pressuie is to be maintained at a certain level, the heart or 
propulsive force must be adequate, and the blood vessels must have a 
certain tone and consistency The failure of any of these functions 
individually results m the failure of the general excietoiy functions of 
the kidney as a whole 

Physicians are familiar with the pictures that lesult from damage 
to the arteries and other blood vessels of the kidneys and those that 
result from damage to the secretory cells of the kidney Ambard, 
Volhard and Fahi, Flo3^d and others have demonstiated the relation 
of this type of damage to hypertension, cardiac hypertrophy and damage 
of the tissues, and azotemia The conveise relation of hypertension 
or so-called malignant hypei tension without much demonstrable aiterial 
damage to failure of the function of the kidney and heart failure is 
also well known During recent years it has been demonstrated by 
Atchley and his school that a condition similar to the well known “sur- 
gical shock,” with a sudden fall in the blood pressuie and death, occurs 
frequently These workers pointed out the fact that such cases of 
vascular failure were fiequently erroneously called “heart failure” 
and that even m the presence of signs of edema of the lungs, the treat- 
ment accorded in cases of surgical shock — the intravenous administra- 
tion of physiologic solution of sodium chloride, dextrose and blood — 
was effective in saving life However, the cases described by Atchley 
showed evidences of circulatory failure in the lungs and elsewhere and 
did not show any considerable rise in the nitiogenous components of 
the blood Lastly, Floyd has described cases of mechanical failure of 
the kidneys due to sudden, almost complete desti uction of the kidney by 
embolic abscesses or infarcts 

Submitted for publication, March 2, 1931 
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The case lepoit in this article is demonstrative of a condition a 
description of which I have not been able to find in the literature The 
case was one of acute lenal failure with anuria and resulting fatal azo- 
temia, clinically similar to that seen in scarlet fever and poisoning with, 
corrosive mercuric chloride, but differing greatly from it in certain 
respkts The anuria was followed much more promptly by death than 
in cases due to scarlet fever or poisoning with mercury The nitiogen- 
ous factors in the blood rose much faster than in the other conditions 
The blood pressuie in this case was uniformly very low At autopsy, 
the renal, hepatic and caidiac tissues were found to be normal, whereas 
damage to one or all of these tissues is seen at autopsies performed in 
cases of scarlet fevei oi poisoning with mercury 

REPORT or CASE 

Htsio) y — R H , a white man, aged 35 years, married, a sales executive, was 
seen by Dr Leonard Bacon early in the afternoon of Oct 21, 1930 He had driven 
to New Haven from Boston on October 20, and had eaten a large and rather rich 
evening meal He had gone to bed on this evening feeling well, but was awakened 
from sleep at 4 a m , October 21, by a severe abdominal pain By the time that 
Dr Bacon arrived, at 1 30 p m , October 21, he had vomited once, with partial 
relief from pain There were no other symptoms 

Eraniiuahoit — Phj^sical examination made at this time showed a temperature 
of 101 F , with a relatively slow pulse rate, about 84 There was abdominal pain 
and tenderness in the hypogastnum near the midline, but there was no pain or 
tenderness near McBurnej^’s point The rest of the physical examination gave 
normal results The patient was seen later that afternoon, when it was found 
that the pain had abated somewhat and that the temperature was higher — 104 F — 
and the pulse rate, 104 He had not vomited in the interim At this examination 
the urine was clear and contained no albumin 

The following morning, the patient was seen again, the, temperature had 
subsided to 101 6 F , and the pulse rate was slow, 84 However, there had been 
no vomiting The character and position of the pain had not changed, and the 
results of physical examination were the same During the afternoon of this 
day, more tenderness and pain developed, and there was some localized spasm of 
the lower portion of the right rectus muscle The lungs were still clear, the 
temperature was 104 F, and the pulse rate, 104 A blood count made at this 
time showed white blood cells, 15,000, polymorphonuclears, 92 per cent He w^as 
sent to Grace Hospital immediately wnth the diagnosis of acute appendicitis and 
was admitted there with a temperature of 101 8 F and a pulse rate of 90 Exam- 
ination of the urine made at that time show^ed a high specific gravity and a trace of 
albumin There w'ere a few hyaline and granular casts and an occasional red 
blood cell 

Operation — Operation w^as performed immediately and, with the patient under 
ethylene anesthesia, a girdiron incision was made over McBurney’s point A 
mass of mflammatorj' tissue w'as felt toward Poupart’s ligament The rest of 
the peritoneum w'as found to be in good condition As the mass could not be 
delnered easily, the incision w'as enlarged dowmward A gush of seropus followed 
the insertion of the exploring finger The omentum was drawn away with the 
inflamed mass and delnered through the wound It was indurated and inflamed 
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and obviously had acted as an involucrum surrounding the gangrenous appendix 
The inflamed portion of the omentum was clamped and resected The appen- 
dix was clamped and removed together with the mesentery There were 
slight hemorrhage and slight handling of the intestines About one-fourth inch 
(6 35 mm) from the cecum the appendix did not show gangrene, and the stump 
Avas tied off at this point The clamped portions were ligated, and the intestines 
and omentum were dropped back into the abdominal cavity Three large cigaret 
drains Avere inserted, one into the pelvis and tw^o others to the outside of the 
cecum and ascending colon Tavo sillworm gut sutuies AAcre passed through the 
Avhole abdominal Avail and a cigaiet dram and gaure pack AA^ere inserted along 
the edges of the Avound to act as a plug and to guard against herniation of the 
intestinal coils through the considerable opening m the abdomen The patient 
AA^as taken from the operating table in good condition 

Pathologic Repot t — The pathologic specimen Avas a gangrenous appendix 
AA'hich Avas very thm-Avalled, collapsed and discolored There Avas also some 
indurated and inflamed fat tissue Under microscopic scrutiny only a small 
part of the tissue could be identified as appendix because of the marked gangrene 

Com sc — The patient did exceedingly Avell for the first five days after the 
operation The temperature immediately fell to normal and remained so through 
the course The pulse Avas consistently sIoav and for five days AA'as of good 
qualitj The lespiratory rate AA'as consistent!}’- 22 throughout the course The 
patient took fluids exceedingly aa’cII and passed copious urine There AA’as some 
distention of the abdomen but, considering the magnitude of the pathologic process, 
the distention Avas moderate Flatus Avas passed early, and several partiall} 
formed stools Avere passed also There Avas no postoperative vomiting 

The condition of the patient became slightly Avorse during the afternoon of 
the fifth day, but Avas not alarming, and he had a fairly restful night Begin- 
ning at noon of the sixth day he ceased voiding, and from then on for 
thirty-eight hours a total of only 75 cc of urine Avas passed He did, not a omit, 
but the pulse became steadily Aveaker and he Avas ver}'^ restless Musculai Iaa itch- 
mgs also developed 

At noon on October 29, the seventh postoperative day, the patient AAas seen 
by me m consultation Avith Dr Bacon He then had a history of practical 
anuria for tAA’enty-four hours, only 50 cc of urine haAung been passed since the pre- 
vious day, though he had taken enormous amounts of fluid He AA’as very irritable, 
and tAvitching of the muscles Avas evident The breath Avas ammoniacal and the eyes 
sunken The heart Avas still sIoav, but the sounds AA’ere AAeak and the pulse so 
poor that it could be felt only occasionally at the Avrist The lungs Avere clear, 
Avith no signs of edema The abdomen AA’as only moderately distended The liver 
Avas not palpable, and dulness Avas normal The extremities Avere cold and blue 
The blood pressure AA’as only 50 mm systolic 

It Avas decided to give an infusion and to take blood to be tested for nonprotein 
nitrogen at the same time The folloAving diagnosis Avas made (1) anuria, 
(2) renal failure, (3) probable vasomotor failure, since the heart Avas apparently 
normal, and (4) probable azotemia Apparently this Avas a case of A’asomotor 
failure resulting in a blood pressure so Ioav that the kidney Avas mechanically 
unable to secrete urine 

An infusion of 100 Gm of dextrose AA’as gnen in a 50 per cent solution 
folloAA’ed by the administration of 1,500 cc of saline solution There Avas 155 mg 
of nonprotein nitrogen per hundred cubic centimeters of blood The reaction to this 
treatment Avas spectacular The patient AA’ent to sleep during the infusion and 
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became free from irritation and muscular twitchings He slept for about two 
hours afterward The blood pressure rose to 90, and the pulse had good volume 
and was slow He still took fluids wells 

At about 3 p m , he began to be restless again and the muscular twitchings 
recommenced The blood pressure dropped to 50 systolic and the pulse was weak, 
though not nearly so weak as before He had not secreted urine since the first 
infusion, so I cathetenzed him, but only about 20 drops was obtained Another 
infusion was given and 100 Gm of dextrose was given intravenously in a 50 
per cent solution, followed by the administration of 1,500 cc of saline solution 
Again the effect was good, and the patient fell asleep during the infusion The 
improvement was short-lived, however Renal diathermy was tried, but proved 
ineffective also At this time the nonprotein nitrogen was 170 mg , a rise of 
15 mg (in spite of the large infusion) occurring in three and one-half hours 
The patient became more wild, the muscular twitchings were more marked and 
the pulse soon relapsed to a very ueak beat The heart sounds were distant, and 
the blood pressure fell again He still took fluids well 

At 9 p m , the patient was seen by Dr George Blumer who obtained the same 
physical findings as were noted at noon and in the afternoon The blood pressure 
had fallen to 60 mm The extremities were cold again and the pulse barely per- 
ceptible It was Dr Blumer’s opinion also that this was a case of sudden renal 
failure due to vasomotor dysfunction and resulting from inability of the kidney 
to secrete urine at such a low blood pressure 

It was felt that any procedure would prove to be only palliative, and so he 
was made comfortable with the administration of scopolamine hydrobromide and 
morphine 

Until about 10 p m he took fluids well and did not vomit, but from then 
on he had severe hiccups and vomited He died at 2 a m on the following 
morning The nonprotein nitrogen was 240 mg 

During the last thirty-eight hours of his life he took by mouth more than 
4,500 cc of fluid and received by infusion 3,400 cc of fluid The total of 
7,900 cc IS large, but during this period he did not secrete more than 70 cc , at 
the most 

This w^as a case of anuria with uremia The blood pressure was low, there 
was eiery reason to suppose that the heart, kidneys and liver would be normal, 
and at autopsy this proved to be the case 

Autopsy — Autopsy w^as performed by Dr Charles J Bartlett, pathologist, at 
the Grace Hospital, on October 30 The body was that of a well developed and 
w'ell nourished man Rigor mortis and postmortem lividity were present There 
w'as purging from the nose The abdomen was moderately distended There was 
no edema of the ankles There was an open appendectomy wound about 12 cm. 
in length with gauze packing 

When the peritoneal cavity was opened, the small intestine was found to be 
distended with gas, moderately congested and the coils slightly adherent by lymph 
There was no general peritonitis or fluid m the peritoneal cavity Examination 
of the site of operation showed the field walled off, with no collection of liquid 
No dram was present, but there was gauze in the operative wound, extending 
to the lower part of the abdominal wall It was such a wound as would be 
expected in appendectomy in a case of gangrenous appendicitis without generalized 
peritonitis 

No fluid was found in either side of the thoracic cavity Both lungs were free. 
Thei were rather large and overlapped slightly in the median line The height 
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of the diaphragm on the right side was at the fourth rib , on the left side, at the 
fifth interspace The heart was of normal size, weighing 310 Gm The 11130 - 
cardium was firm and of good color The vessels and coronar 3 ^ arteries were 
normal Both lungs showed acute congestion and edema, particularly 111 the 
lower lobes, apparently a terminal process There was some emphysema of the 
upper lobes 

The spleen was of normal size, weighing 120 Gm It showed a slight enlarge- 
ment of the malpighian bodies The pancreas appeared normal The stomach 
and the intestines were normal, except for the distention of the intestines by gas 
and congestion, and the operative condition at the site of the appendix The 
liver weighed 1,740 Gm It was smooth on the surface and somewhat pale as 
though there might be some acute parenchymatous degeneration The suprarenal 
capsules appeared normal The combined weight of both kidneys was 280 Gm 
The capsules of the kidneys were only slighti 3 ' more adherent than normal, leaving 
a granular surface m a few small areas when removed The cortex was of good 
thickness and somewhat paler than normal, there was probably a slight cloudy 
swelling The bladder was contracted and appeared normal The prostate was 
not enlarged The aorta was smooth and elastic The following anatomic diag- 
nosis was made recent operation on appendix, intestines congested and dis- 
tended , no general peritonitis , acute congestion and edema of lungs , slight cloudy 
swelling of kidneys and liver , cause of death not apparent from the gross 
anatomic observations 

On microscopic examination, sections of the kidneys showed that the glomeruli 
vere apparently normal, there was no recognizable increase in connective tissue, 
and only a small amount of acute parenchymatous degeneration The liver 
showed only a slight acute parenchymatous degeneration Examination of the 
other organs added nothing to the gross description 

COMMENT 

In the light of the normal observations at autopsy, this would appear 
to be a case of true uiemia due to purely mechanical factors the 
inability of the kidney to seciete urine at such a low blood pressure, 
and the consequent rise in the nitrogen factors of the blood Apparently 
the basic failure was of vasomotor oiigin, but what lay behind this is 
a mattei of conjecture, as the suprarenal glands were normal When 
compared witn cases of scarlet fever and meicury poisoning, the time 
from the onset of anuria to death was exceedingly short, and this might 
lead one to suppose that the nitrogen had already mounted to a high 
point before the anuria began Possibly this process had begun at the 
time of operation, but if that were the case, one would expect to find 
evident changes in the renal tissue 

Though this condition might come under the group termed by 
Atchley "medical shock,” the cases described by him showed signs of 
ciiculatory failuie, such as edema of the lungs and dyspnea, and did 
not show a maiked rise in the figures for nitrogen My patient did not 
have such signs at any time until immediately ante mortem 

Certainly, the amount of fluid taken by the patient through the 
mouth and introduced by vein was sufficient to give volume to the 
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circulation Therefore, it would seem that the failure to maintain a 
normal hlood pressure was due to some factor othei than the volume of 
the hlood or the heart The only remaining factor that can be called 
to account seems to be the tone of the aiterial and venous systems 
Had there been a complete lelaxation of these muscles with a lesulting 
widening of the vascular bed, a sudden and continued fall in blood 
pressuie might have developed If this was the case, the only means 
at hand to combat the condition were used unsuccessfully 

To leturn to the physiology of the kidney, in this case there was a 
change in the blood piessure This change was dependent on the tone 
of the blood vessels, which was so low that normal blood pressure 
could not be maintained in spite of what was believed to be adequate 
treatment Failure of this type may have been due to toxicity from 
the gangienous and ruptured appendix or it may have been a moie 
fundamental inadequacy, since the patient had had a low blood pressure 
one year previously, when he was refused life insuiance because of 
hj-potension There may even have been a congenital inadequacy in the 
neive supply of the vascular structure, which was not severe enough to 
cause trouble under normal conditions but which could not withstand 
the sudden strain of an operation At any rate, in this case apparently 
an azotemic death occurred, owing to mechanical failure of the kidneys 
resulting from a blood pressure so low that the kidney could not 
secrete urine, though the kidneys, the heart, the supiaienals and the 
hvei were undamaged 



EFFECT OF INGESTION OF WATER AND 'OF 
DEXTROSE SOLUTION ON EMPTYING 
TIME OF NORMAL STOMACH ^ 

HAIG H KASABACH, MD 

NEW YORK 

Trainers and coaches of athletic teams generally prohibit the ingestion 
of fluid by playeis during the hour immediately piecedmg athletic con- 
tests One of the popular leasons for this prohibition is the belief that 
fluid taken prior to the game remains in the stomach (the stomach 
becomfng “water-logged”) and may cause nausea and vomiting, thereby 
impairing the player’s efficiency In recent years it has been a common 
piactice to give athletes, such as football players, carbohydrate by mouth 
to supply readily available energy and to avoid hypoglycemia, which has 
been shown b}'- Levine and Gordon ^ to occur in marathon runners The 
purpose of this study was to determine the emptying time of the stomach 
in healthy young men after the ingestion of water and of dextrose solu- 
tion during periods of rest and exercise 

No evidence was found in the literature to support the popular belief 
that ingested fluid “water-logs” the stomach if taken prioi to athletic 
contests oi during exercise Apparently accurate experiments on exactly 
this aspect of gastromotihty have not been made previously However, 
there have been a few investigations of problems closely related to the 
one undei consideration The earliest observations on the emptying 
time of the stomach were those of William Beaumont," the great pioneer 
physiologist, on his patient, Alexis St Martin, who suftered from a 
peimanent gastric fistula Dr Beaumont believed that moderate exercise 
favors rapid digestion by increasing the circulation of the system and the 
temperature of the digestive tract Fatiguing exercises, in his opinion, 
retard the process of digestion He presented two reasons for these 
conclusions “the debility following hard labor, of which the stomach 
partakes , and the depressed temperature of the system, consequent upon 
perspiration and evapoiation from the system ” He also stated that 
fluids of all kinds pass out of the stomach soon after they aie leceived 

Submitted for publication, Feb 4, 1931 

^From the Department of Roentgenology, University Hospital, Ann Arbor, 
Mich 

1 Levine, S A , and Gordon, B Some Changes in the Chemical Con- 
stituents of the Blood Following a Marathon Race, with Special Reference to 
the Development of Hypoglycemia, J A M A 82 1778 (May 31) 1924 

2 Beaumont, William Experiments and Observation on the Gastric Juice 
and Physiology' of Digestion, Lilly, Wait & Wait & Compam , Boston, 1834 
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Senes of experiments were conducted by Nielsen/ who selected 
a group of twenty persons (ten men and ten women) without gastro- 
intestinal symptoms He examined them by fluoioscope after the 
ingestion of a meal composed of giuel, 300 Gm of rice flour and 100 
Gm of baiium sulphate The first series of experiments was made with 
the subjects resting in bed, the second with the same subjects walking 
about He found that the average emptying time of the men’s stomachs 
was thirty-seven minutes longer while resting in bed than while walking, 
and that of the women’s stomachs thirty-four minutes longer while rest- 
ing than while walking 

Campbell ^ studied the gastric content and emptying time of the 
stomach by fractional extraction with a Ryle tube and by complete 
uithdraval of the gastric contents at the end of two and one-half hours 
In most of his expeiiments the subjects were seven healthy young men, 
and the ingesta consisted of a “porridge test meal ” He found that 
exercise (running slowly for 2 or 3 miles) retaided the secretion of 
gastric juice and decreased the rate of emptying 

For our expeiiment fifty healthy college students were selected, none 
of whom remembeied having had symptoms of indigestion All of 
them were available for the first, or rest, phase of the experiment, and 
twenty were aAailable for the second, or exercise, phase They were 
instructed to abstain from food and drink of any kind after 7pm and 
to appear at the roentgen department of the University Health Service 
at 9 a m the following morning Each was given about 500 cc of 
watei containing 1 tablespoonful of skiabaryt, which is 75 to 85 per 
cent bai lum sulphate U S P , admixed with sugar, tragacanth cin- 
namon, vanillin and cacao This mixture contains just enough opaque 
material to outline the stomach satisfactorily Each subject was observed 
with the upright fluoroscope at fifteen minute intervals until the stomach 
was empty, and then a flat film of the abdomen was taken Between 
observations they were allowed to sit down or stroll around the building 
as they pleased The second, or exercise, phase of the problem was 
carried out with exactly the same technic except that between periods 
of observation the subjects ran continuously They ran around the 
campus or the gymnasium track until it was time to appear for another 
observation This piocedure was continued until fluoroscopic examina- 
tion showed the stomach to be empty 

The accompany mg table records the results of the observations with 
both water and dextrose during the periods of lest and exercise After 
the ingestion of water, while the subjects were at rest the average 

3 Nielsen, A Roentgenological Examination of the Motility of the Stomach 
in Healthy Individuals During Rest and Motion, Acta radiol 1 379, 1921-1922 

4 Campbell, J M H , Mitchell, G O , and Powell, A T W The Influence 
of Exercise on Digestion, Guy’s Hosp Rep 78 279, 1928 
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emptying time of the stomach was sixty and. three-tenths minutes In 
thirty-seven of the men, or 74 per cent of the group of fifty subjects, 
the stomach emptied during the first hour Of the group of twenty 
who ingested water and then exercised, fifteen, or 7 d per cent, showed 
total gastric evacuation m forty-five minutes The average emptying 
time for the group of twenty was thirty-nine minutes After the 
ingestion of a 50 per cent dextrose solution, the average emptying time 
of twenty subjects at rest was sixty-four and one-half minutes Four- 
teen, or 70 per cent of the subjects, showed complete gastric emptying 
during the first hour The average emptying time of the same group 
on taking dextrose solution and exercising was forty-two minutes Fif- 
teen, or 75 per cent, showed complete gastric emptying after the first 
forty -five minutes 

It IS evident that the difference in the emptying time of the stomach 
atter the ingestion of water and of dextrose solution is neglible On the 
other hand, relatively strenuous exercise appears to shorten definitely 

Emptying Time of the Stomach m Foin Expenments 


300 Cc Water + 1 Tablespoon 500 Cc 50% Dextrose Solution + 
of Skiabaryt 1 Tablespoon of Skiabaryt 
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the emptying time after the ingestion of either water or dextrose solu- 
tion It IS possible that the difference in results between the groups 
without exercise and those with exercise might have been greater had 
the former been completely at rest in a reclining position dunng the 
period of observation In these observations no relation between the 
emptying time of the stomach and the t)pe of habitus of the subject 
could be determined The so-called gastroptotic or long stomach was 
as common m young men with good abdominal muscles as m those who 
weie thin and had less developed muscles It is noteworthy that rest 
and exercise seem to ha\e little effect on the individual variations in the 
emptying time found in this group Stomachs that required a longer 
time than the average to empty during rest also regularly required longer 
than the average time to empty dunng exercise Similarly, rapid gastric 
evacuation was seen in the same person during both rest and exercise 
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The expel iments of Campbell are of paiticular interest Running, 
even at a moderate pace, would ordmanl)’’ be considered fairly vigorous 
exertion This form of exercise, which apparently retarded the empty- 
ing of the stomach in his subjects, seemed to accelerate it in our sub- 
jects This apparent discrepancy may be due, in part at least, to the 
difference in ingesta Oatmeal poriidge lequires a certain amount of 
gastric digestion, while water and dextrose solution are simply fluids to 
be expelled, a process that, as Beaumont suggested, occurs relatively 
quickly Furthermore, Campbell pointed out in his experiment that the 
retardation in the time of digestion and emptying of the stomach seemed 
proportional to the amount of distress caused b} the exercise The 
young men used in our experiment were vigorous and of athletic habits, 
and the running m which they indulged during the observations did not 
distress them 

CONCLUSION 

1 The empt}ing time of the stomach was determined fluoro- 
scopicall}'' in fift)'^ healthy young college students after the ingestion of 
500 cc of water and of an equal quantity of 50 per cent dextrose 
solution containing a very small quantity of barium sulphate, with the 
subjects sitting or walking about, and in twent} cases with the subjects 
running contmuousl)’- between obsen^ations The total number of experi- 
ments on the fifty students was one hundred and ten 

2 No difference was observed in the rate of emptying of dextrose 
solution and of water in either group 

3 Exercise (running) seemed to produce a definite acceleration 
in the emptying time of the stomach In these experiments, as exercise 
accelerated the emptying of the stomach, it seems justifiable to conclude 
that dextrose solution in a palatable form could be administered to 
athletes before a contest in which readily available fuel is required, with- 
out fear of producing gastric retention 

Dr F Lynam, the physician of the Athletic Association of the University of 
Michigan, and Miss Mar} Zeile assisted me in carri ing out these studies 
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DirrERENTiAL Diagnosis in Pediatrics By Dr W Pteuger, with a foreword 
by Prof Dr J Husler Price, 73 marks Pp 160 Dresden Theodore 

Steinkopif, 1931 

This modest little text differs materially from some of its predecessors in the 
same field in that emphasis is placed primarily on the symptomatology of disease 
The interpretation of symptoms leads to a practical discussion of every phase of 
differential diagnosis 

The important and essential procedures at the bedside are stressed, and are 
presented in simple, lucid fashion 

The subject matter treated is amazingly extensive and comprehensive for so 
small a book In connection with one or several outstanding symptoms, such as 
cyanosis or pallor, hyperpyrexia, convulsive seizures, hemorrhage of various forms, 
icterus, vomiting or diarrhea and many others, every conceivable disorder in any 
way related to the symptom and common to the given age level of the infant or 
child IS discussed and clearly analyzed from the standpoint of differential diagnosis 
In such discussion, again, the primary and most likely disorders, or disorders 
related in any way to the symptom or symptoms, are exhaustively dealt with, along 
with at least mention of all other possibilities 

The size and nature of the text precluded any theoretical or academic discussion 
of disease, etiologically or otherwise, and it is wisely omitted, as it would 
certainly rob the book of its simplicity and lucidity and would probably tend to 
confuse rather than to guide the reader 

To the perplexed practitioner this type of book is a vade-mecum and a practical 
guide which for quick orientation and substantial useful help will prove far superior 
to many a ponderous text or handbook 

The author's style is excellent, and the diction is exceedingly clear and direct 
One senses immediately that the book is written by a practitioner who has sensed 
in lively fashion the needs and shortcomings of his a\erage fellow practitioner 
in pediatric practice 

Die reflektorische Selbststeuerung des Kreislaufes By Prof Dr Med 
Eberhard Koch, Nauheim Paper Price, 18 marks Pp 234, with 44 
illustrations Dresden Theodor Steinkopff, 1931 

This monograph contains a well organized and critical summary of the present 
available information on the influence of the sensory nerves distributed to the heart, 
the aorta, the carotid sinus and other blood vessels, and on the reflex regulation 
of the heart itself and of the blood vessel musculature in health and in disease 
That sensory nerves distributed to the walls of the ventricles and to the aorta 
contribute to cardiovascular reflex control has long been known A number of 
years ago the work of a German physician, Hering, brought out the fact that there 
is an additional pronounced sensory region at the bifurcation of the carotids (the 
so-called carotid sinus) from which sensory impulses play a marked role in the 
cardiovascular reflexes Later, though still fragmentary, information indicates 
that probably all blood \ essels are supplied with afferents having important cardio- 
vascular reflex function The disturbance of these mechanisms in such pathologic 
conditions of the blood vessels as sclerosis or aneurysm is as yet imperfectly 
understood but constitutes an important problem of investigation in internal 
medicine 

The author handles the data, the problems and the theories in a clear and 
critical manner The monograph is a distinct contribution to medicine and may be 
perused with profit by all students of medicine and physiology 
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Gonorrhea in the Male and Female A Book for Practitioners By 
Percy S Pelouze, M D , Associate in Urology and Assistant Genito-Unnary 
Surgeon at the University of Pennsylvania, Fellow of the Philadelphia College 
of Physicians Second edition, revised Cloth Price, $5 SO net Pp 440, 
with 92 illustrations Philadelphia W B Saunders Company, 1931 

This volume will interest every phvsician who comes m contact with the most 
prevalent of all diseases In this second edition of his popular work, Pelouze has 
added much to the scope of the discussion of gonorrhea, its complications and 
sequelae, but has not striven for encyclopedic comprehensiveness, nor sacrificed 
any of the direct simplicity that gives emphasis to his literary style On the basis 
of his own wide clinical experience, the author deplores the modern tendency to 
overtreat patients with gonorrhea He outlines with considerable clarity conserva- 
tive and sane methods of management of the disease in its various stages, which 
have met with gratifying results in his own office and in clinical practice He 
does not offer empiric routines to be blindly followed, but makes a commendable 
effort to rationalize the methods of preference on the basis of the pathophysiologic 
principles that are involved 

An important addition to the present edition is a section of fifty pages on 
gonorrhea in the female The text itself is sincere, vigorous and highly readable 
Occasionally the author relieves the seriousness of the problem with quiet and 
effective humor, such as “Wherefore it should be realized that the physician 
IS but a child in the hands of a woman intent upon deception, and he should be 
willing to bow to the art with admiration for its finer points without greatly 
disturbing his scientific reasoning and skepticism about immaculate infection ” 

In the preface to the first edition, the author said, “publicly unspeakable and 
medically outcast, gonorrhea has limped through the ages a veritable ‘nobody’s 
child ’ It IS a serious disease, and it needs serious attention ” This splendid 
book gives the disease just that 

Nutrition and Diet in Health and Disease By James S McLester 
Second edition Price, $8 50 Pp 891 Philadelphia W B Saunders 
Company, 1931 

This comprehensive study by McLester includes nutritional requirements for 
normal adults and children as well as diet in disease 

The chapter on the normal diet emphasizes the fundamental considerations 
by which one must be governed for the proper selection of food Man’s dietary 
needs are outlined in a base ration as suggested by E V McCollum 

Infant feeding is discussed in a special chapter by Dr AIcKim Marriott of 
Washington University, St Louis The feeding of surgical patients is outlined 
by Dr Barney Brooke of Vanderbilt University, Nashville, Tenn 

For the chapters on nutrition in disease, the literature of recent years has 
been gleaned for therapeutic and exjierimental diets These are reprinted m full 
or in part, with comments 

This compilation of diets in disease is a great time-saver for the nutrition 
worker, and the extensive bibliographies are valuable 

Menus and recipes are reprinted, which are helpful to use as patterns in 
planning diets to meet the requirement of the individual 

The tables and charts of a general nature that are reprinted are adequate for 
calculation of diet 

Entstehung, Erkennung und Behandlung innerer Krankheiten By Dr 
Ludolf Krehl, Professor in Heidelberg Band II Die Erkennung innerer 
Krankheiten Paper Price, 12 80 marks Pp 172 Berlin F C W Vogel, 
1931 

This volume on diagnosis in internal medicine represents the second m Krehl’s 
trilogy on the pathogenesis, diagnosis and treatment of internal diseases The 
term “diagnosis” is used in the broadest sense and therefore includes “Beurteilung,” 
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or the physician’s considered judgment about the entire medical situation What 
the latter amounts to in socialized Germany is brought out \iMdly, but dispas- 
sionately, in the first chapter Those who are interested in so-called state medicine 
as it exists in Germany should read this chapter more than once Krehl’s entire 
philosophy of the place of medicine among tlie sciences and arts, his concepts of 
the physician’s relation to the patient, his general advice as to the technic of the 
anamnesis and tlie synthesis of the data obtained, and a host of other details 
derived from the mature experience of this very human master of the Heidelberg 
Clinic make this chapter a work of art 

The remainder of the book is devoted to a systematic consideration of the 
general examination of the patient, infectious diseases and disturbances of the 
various systems It is difficult to describe the material of these chapters because 
it IS a mixture of high lights in physical diagnosis, laboratory methods, shrewd 
clinical intuition and delightful personal comments It takes an unusually mature 
medical student to digest such stuff, but it is worth a little effort The discussion 
of clinical disturbances of the circulation, respiration and formation of urine is 
particularly excellent There are a few, but pertinent, references to the literature 
and frequent cross-references to the volume on pathologic physiology 

• 

L’aerophagie By A Dobrovici Price, 10 francs Pp 31 Pans Gaston 
Doin, 1930 

The author presents an excellent and logical treatise on aerophagia He defines 
the condition as the swallowing ot atmospheric air which may or may not be 
followed by belching Physiologic aerophagia is discussed Pathologic aero- 
phagia is said to differ from the physiologic form either by the greater size of the 
air bubble in the stomach, or by the intolerance of air in a hypersensitive stomach 
and the dyspepsia and mechanical troubles that accompany distention of the diges- 
tive tube with air The mechanisms of the unconscious swallowing of air are 
described 

Air IS said to penetrate for varying distances in the digestive tube with the 
production of corresponding symptoms 1 Eructation may be provoked simply 
by the accumulation of air partly swallowed into the pharynx 2 Air penetrates 
more or less into the esophagus but does not reach the stomach and is rejected 
immediately through the mouth 3 Air penetrates into the stomach, partly open- 
ing the cardia, and comes out afterward as eructations 4 Air gets into the 
stomach in great quantities, is stored up there, causing distention, and is finally 
ejected by violent belching 5 The swallowed air, after distending the stomach, 
passes through the pylorus and distends the intestines, and the act is completed 
when the air is expelled as flatus 

Treatment consists largely of explaining the mechanism of aerophagia to the 
patient The necessity for his cooperation is emphasized 

Blutkrankheiten und Blutdiagnostik Lehrbuch der KLINISCHEX' 
Hamatologie By Otto Naegeli Fifth revised edition Price, 86 marks 
Pp 704, with 104 illustrations Berlin Julius Springer, 1931 

Naegeli’s clinical hematology in its fifth revised German edition probablj 
contains as comprehensive analyses and descriptions of the \arious technics of 
examination of the blood as any text now published It includes much more 
detailed information concerning the various morphologic structures and physico- 
chemical constituents of the blood than any of the usual texts on laboratory technic 
These matters concerning the various technical procedures, stains, morphologj^ and 
variations of the erythrocytes and leukocytes are treated with attention to minute 
detail and a comprehensive bibliography Many colored illustrations add greatly 
to tlie text Extensive discussions are made, respectively, of the anemias, pernicious 
anemia, leukemia, pseudoleukemia and the changes of the blood with infectious 
diseases, helminthiasis, malignant tumors, poisons and blood toxins Shorter sec- 
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tions are devoted to changes of the blood with paroxj'smal hemoglobinuria and 
with diseases of the glands of internal secretion Ad\ anced students in hematology 
and clinicians, especially m internal medicine, will find this text valuable 

Chixin in der Allgemeinpraxis By Dr Med Fritz Johannessohn 
Paper Pp 232, with 3 illustrations Amsterdam Bureau Tot Bevordering 
\an Het Kinine-Gebruik, 1930 

After a brief historical introduction, the author discusses briefly the pharma- 
cognosy and chemistry of quinine as well as the fate of the drug after absorption 
By far the greater part of the book is given over to a consideration of therapeutic 
uses of quinine in diseases other than malaria, which is discussed in less than a 
dozen pages From the evidence presented, one may gam the impression that 
quinine is indicated in a great variety of infectious diseases (pulmonary diseases, 
pertussis, erysipelas, etc ) However, surprisingly few authors who do not attribute 
their success to quinine or who have obtained untoward results are cited in the 
detailed discussion of many diseases which one rarely associates with quinine 
therapeutically The author also cites numerous references to "Hhe use of the 
drug m disturbances of cardiac conduction, in the initiation of labor and in the 
treatment for varicose veins and hemorrhoids 
Quinidine is discussed in a separate chapter 
The book is indexed The bibliographies contain 809 references 

Lagoutte By Daniel Critzman Paper Price, 25 francs Pp 235 Pans 
Gaston Doin, 1931 

This recent monograph on gout, given in French by a Roumanian who spent 
his professional life in France, has been revised posthumously by Jacques Forestier 
It comes at a time when gout is receiving relatively little attention in the clinical 
literature of this country, owing, apparently, to the widespread belief that this is a 
rare disease 

The book contains the usual excellent clinical descriptions of the various stages 
and types of gout for which the French school is particularly noted The principal 
theories of pathogenesis with the augments pro and con are briefly discussed In 
dealing with treatment, the author decries the modern tendency to proscribe all 
purine-containing foods, and he believes strongly in the more didactic methods of 
choosing the diet on the basis of experience Medically, there is nothing new 
or successful Those who have to deal with gout may well find much of value 
to them m this volume 

Tables or Food Values By Alice V Bradley, B S , Supervisor and 
Instructor of Nutrition and Health Education, State Teachers College, Santa 
Barbara, Calif Price, $2 Peoria, III The Alanual Arts Press, 1931 

This book of food tables should prove very useful to any one engaged in work 
on nutrition It is written in a practical and concise form and includes recipes 
that enable the reader to know the formulas used in the computation of the foods 
listed 

The food tables are presented in the following manner kind of food, measure- 
ment, weight, grams of protein, fat and carbohydrate, calories, mineral shares, 
vitamins, Aalue as a source of bulk and acid and basic reactions 



INDEX TO VOLUME 48 


Book ieTie\\s nre grouped together and are 
Indexed under that heading in alphahetical 
order, under the letter B 


Achlorhydria See Stomacli, acidity 
Adrenals See Suprarenals 

Agranulocythemia, report of case with complete 
antemortem and postmortem records, 798 
Alcohol, paravertebral iniectioiis of alcohol for 
lelief of cardiac pam review of experience 
to date and report of 9 cases, 14G 
Allergj See Anaphylaxis 

Althausen T L Functional aspects of 
legenerated hepatic tissue, G67 
Amidopyrine, use in rheumatic fever, 1138 
Amoss H L Bnicella infection of brief dura- 
tion, report of case, 11S6 

Endermic reaction in Brucella Infections, 
1192 

Amylase, blood amylase in relation to disease 
of pancreas, 828 

Anaphylaxis, electrocardiographic studies of 
effect of anaphylaxis on cardiac mechanism, 
1098 

Anemia, pernicious, pigment metabolism and 
destuiction of blood in Addison’s (per- 
nicious) anemia, 1156 

pernicious, relation of achlorhydria to, 171, 
correction, 720 

secondary, treatment with study of results in 
126 cases, 537 

Aneuiysm, circulation in aJteriovenous aneu- 
rysm before and after operation, 187 
Angina, agranulocytic, of Schultze (agranu- 
locythemia), 793 

Angiomatosis, Goldstein’s heredofamilial angio- 
matosis xvlth recurring familial hemor- 
rhages (Bendu-Osler-Weber’s disease), 836 
Anions, excretion of anions and of total base 
, in pneumonia, 440 

Anthropometry, body types In women of 
Infertile constitution, value of suiface area 
proportions as an anthropometric method 
of differentiation, 234 

Arthritis, dextrose lei el of arterial and venous 
blood in, 801 ^ 

ArticlioKes, role of artichokes in diet of dia- 
betic patient, 313 

Asymmetry, normal asymmetry and unilateral 
hypertrophy 676 

Ayman, D Essential hypertension, diastolic 
blood pressure, its variability, 89 
Azotemia See Blood, nitrogen 


Bacteria, Brucella infection of brief duration, 
report of case, 1186 

Brucella , endermic reaction in Brucella infec- 
tions, 1192 

Barach, A L Effects of treatment with oxy- 
gen in cardiac failure, 325 
Bauer, TV Calcium and phosphorus metabo- 
lism in a case of nontropical sprue with 
associated tetany, 515 


Berkow, S G Body types in women of infer- 
tile constitution, value of surface area 
proportions as an anthropometric method 
of differehtiation, 234 

Blish, M E Experimental nephrotic edema, 1 
Blood amylase in relation to disease of pan- 
creas, 828 

chemistry in thrombo-angiitis obliterans 
(Buerger), 500 

circulation, cutaneous histamine reaction as 
a test for collateral circulation in extremi- 
ties, 769 

circulation in arteriovenous aneurysm before 
and after operation, 187 
circulation , sympathetic activity in certain 
diseases, especially those of the peripheral 
circulation, 1065 

determination of plasma volume, dye method, 
808 

determination of plasma volume, rate of dye 
mixing, 821 

dextrose level of arterial and venous blood in 
arthritis, 801 

nitrogen, azotemia with normal kidneys 
found post mortem , possible cause low 
blood pressure after operation, 1231 
pigment metabolism and destruction of blood 
in Addison's (pernicious) anemia, 1156 
potassium-calcium ratio and inorganic phos- 
phorus and cholesterol of blood serum in 
arterial hypertension, significance of, 478 
pressure, azotemia with normal kidneys found 
post mortem , possible cause low blood 
pressure after operation, 1231 
pressure, high , essential hypertension , dia- 
stolic blood pressure, its variability, 89 
pressure, high , significance of potassium- 
calcium ratio and of inorganic phosphorus 
and cholesterol of blood serum in arterial 
hypertension, 478 

staff count its importance in acute infec- 
tious disease, 399 

Bloomfield, A L Unexplained gastric 
anacidity, 412 

Body types in women of infertile constitution, 
value of surface area proportions as an 
anthropometric method of differentiation, 
234 

Book Reviews 

Aerophagie, A Dobrovici, 1243 
Affections douloureuses de I’lntestin ter- 
minal , C B Udaundo and L V Sanguin- 
etti, 718 

Blutkrankheiten und Blutdiagnostik Lehr- 
buch der klinischen Hamatologie, 0 
Naegell, 1243 

Blutung und Fluor, H Bunge, 905 
Cancer, TV Meyer, 719 

Chinin in der Allgemeinpraxis , F Johannes- 
sohn, 1244 

Clinical Diagnosis by Laboratory Methods, 
J C Todd, and A H Sanford, 350 
Development of Physiological Chemistry in 
the United States, R H Chittenden, 718 



INDEX TO VOLUME 48 


Book Re\ie\\s — C ontinued 

Differential Diagnosis in Pediatrics , W 
Pfluger, 1241 

Dntsteliung, DrKennung iind Behandlung 
innerer Krankheiten , L Krehl, 1242 
Polie et la guerre de 1914-1918 , A Eodiet 
and A Pribourg-Blanc, 719 
Gonorrhea in Male and Female , A Book for 
Practitioners, P S Pelouze, 1242 
Goutte , D Critzman, 1244 
Grundzuge der Keurochirurgie , W Lehmann, 
719 

Heart Disease , P D White, 90G 
International 3Iedical Annual for 1931 , C F 
Coombs and A B Short, 719 
Krankheiten des Stoffwechsels und ihre Be- 
handlung, E Grafe, 905 
Noguchi, G Eckstein, 534 
Nutrition and Diet in Health and Disease, 
J S McLester 1242 

Operieite Magen, H Mej er-Burgdorff and 
W Schmidt, 170 

Physician of the Dance of Death , A S War- 
thin, 535 

Principles and Practice of Medicine Designed 
for Use of Practitioners and Students of 
Medicine, W Osier, revised by T McCrae, 
170 

Eadiumtherapie Methoden und Aussichten , 
F Gudzent, 53G 

Beactions vaso-motrices du foie, en cliniQue, 
B Glenard, 720 

Eeflelrtorische Selbststeuerung des Kreis- 
laufes, E Koch, 1241 

Eenal Lesion in Bright s Disease , T Addis 
and J Oliver, 533 

Eheumaprobleme Gesammelte Vortrage ge- 
halten aus dem H Artzekursus des 
Bheuma-Forschungs Instituts am Landesbad 
der Bheinprovinz im Aachen, 348 
Eontgendiagnostik der Gallenblase (Badiolo- 
gische Praktika , Band XVH) , F Eisler 
and G Kopstein, 904 
Synopsis of Medicine, H L Tidy 169 
Sjstem of Clinical Medicine Dealing -with 
Diagnosis Prognosis, and Treatment of Dis- 
eases for Students and Practitioners , T D 
Savill, 170 

Tables of Food Values , A V Bradley, 1244 
Textbook of Surgery, J Homans, 349 
Therapie der Erkrankungen des vegetatuen 
Nervensystems , by various authors, 536 
Through the Alimentary Canal uith Gun and 
Camera A Fascinating Trip to the Interior, 
G S Chappell 350 

Ulcus Problems im Lichte moderner Bontgen- 
forschung, H U Albrecht, 1G9 

Borsook, H Pigment metabolism and destruc- 
tion of blood in Addison s (pernicious) 
anemia, 115G 

Bram I Physostigmine salicylate in exoph- 
thalmic goiter, observations on 200 cases, 
12G 

Brucella See under Bacteria 

Burrows, M T Is poliomyelitis a disease of 
the lymphatic system? 33 

Byron, C S Eespiratory quotient, its use 
in diagnosis of diabetes mellitus, 470 

Calcium and phosphorus metabolism m non- 
tropical sprue with associated tetany, 515 


Calcium — Continued 

significance of potassium-calcium ratio and of 
inorganic phosphorus and cholesterol of 
blood serum in arterial hypertension, 478 
Calhoun, J A Congestive heart failure, effect 
of digitalis on dyspnea and on ventilation 
of ambulatory patients with regular cardiac 
rhythm, 1203 

Congestive heart failure , measurement of 
ventilation as test of cardiac function, 377 
Cancer primary carcinoma of lungs pathogno- 
monic signs in diagnosis, 1126 

tumors of suprarenal gland uith special ref- 
erence to caicmoma of cortex report of 
case, Cll 

Cerebrospinal fluid sugar significance of, 44G 
Chloride retention in pneumonia, mechanism of, 
418 

Cholesterol, significance of potassium-calcium 
ratio and of inorganic phosphorus and 
cholesterol of blood serum in arterial 
hypertension 478 

Cinchophen, acute toxic hepatitis (acute yellow 
atrophy) due to cinchophen report of a 
case, 82 

oxidation test of function of hepatic cells, 98 
Clarke, H T Determination of plasma volume , 
dye method, 808 

Colitis, idiopathic ulcerative, intestinal oxy- 
genation m, preliminary report, 78G 
Crandall, L A , Jr Mechanisms of contrac- 
tion and eiacuation of gallbladder, 1217 
Cresyl blue, staining of reticulocytes by bril- 
liant cresyl blue, influence of solutions of 
substances, 133 

Criep, L H Electrocardiographic studies of 
effect of anaphylaxis on cardiac mechan- 
ism, 1098 

Daland, G A Staining of reticulocytes by 
brilliant cresyl, blue, influence of solutions 
of substances, 133 

Davis, M D Effects of exercise on experi- 
mental cardiac infarction, 1118 
D Esopo, D A Determination of plasma 
volume, rate of dye mixing, 821 
de Takats, G Cutaneous histamine reaction 
as test for collateral circulation in extremi- 
ties, 769 

Dextrocardia See Heart, displacement 
Dextrose, effect of ingestion of water and of 
dextrose solution on emptying time of 
normal stomach, 1237 

level of arterial and venous blood in arthri- 
tis, 891 

Diabetes mellitus, ‘rise of respiiatory quotient 
in diagnosis of, 470 

role of artichokes in diet of diabetic patient, 
313 

Digitalis, effect on dyspnea and on ventilation 
of ambulatory patients with regular cardiac 
rhythm, 1203 

mechanism of production of subauricular 
beats by digitalis bodies, 262 
Dyspnea effect of digitalis on dyspnea and on 
ventilation of ambulatory patients with 
regular cardiac rhythm, 1203 

Edema, experimental, 51 

experimental nephrotic, 1 
Egloff, W C Experimental edema, 51 
Electrocardiography See under Heart 



INDEX TO VOLUME 48 


Elman, R Blood amylase in relation to dis- 
ease of pancreas, further observations, 828 
Endocarditis, subacute meningococcal endo- 
carditis, 1110 

Evans, T S Azotemia with normal Sidneys 
found post mortem, possible cause, low 
blood pressure after operation, 1231 
Exercise, effects of exercise on experimental 
cardiac infarction, 1118 
Extremities, cutaneous histamine reaction as a 
test for collateral circulation in, 7G9 

Farquharson, R P Pigment metabolism and 
destruction of blood In Addison’s (per- 
nicious) anemia, 1156 

Pelsen, J Intestinal oxygenation in idiopathic 
ulcerative colitis, preliminary report, 786 
Pnnken, SWA Prophylaxis of postopera- 
tive pneumonia fay oral hygiene, prelimin- 
ary report, 1225 

Frazier, C N Cutaneous lesions associated 
with a deficiency in vitamin A in min, 507 
Priedlander, M Thrombo-angiitis obliterans 
(Buerger) , chemistry of blood, 500 
Prumess, G Tumors of suprarenal gland with 
special reference to carcinoma of cortex, 
report of case, 611 

Gallbladder, mechanisms of contraction and 
evacuation of, 1217 

Gaston, D R Experimental nephrotic edema, 
1 

Gelfand, B Mechanism of production of sub- 
auricular beats by digitalis bodies, 202 
Goiter, exophthalmic, cause of, a biochemical 
hypothesis, 592 

exophthalmic development of refractoriness 
to iodine, 351 

exophthalmic, physostigmine salicjlate in, 
observations on 200 cases, 126 
Gold, H Mechanism of production of sub- 
auricular beats by digitalis bodies, 262 
Goldstein, H I Goldstein’s heredofamilial 

angiomatosis with recurring familial hemor- 
rhages (Rendu-Osler-Weber's disease), 836 
Goldstein’s heredofamilial angiomatosis with 
recurring familial hemorrhages (Rendu- 
Osler-Weber's disease), 836 
Gouldmg, A M Pigment metabolism and 

destruction of blood in Addison’s (per- 
nicioi^s) anemia, 1156 

Graff, S Determination of plasma volume, 
dye method, 808 

Determination of plasma volume, rate of dye 
mixing, 821 

Greenwald I Metabolism in pneumonia , 
excretion of anions and of total base in 
pneumonia, 440 

Jletabolism In pneumonia , mechanism of 
retention of chloride in pneumonia, 418 

Gujn, N B Subacute meningococcal endo- 
carditis, 1110 


Halperin, G Normal asjmmetry and uni- 
lateral hypertrophy, 676 

Banner, 3 P Elimination of phenolsulphon- 
phthalem by kidney, influence of pathologic 
changes in liver, 598 

Harrison, T R Congestive heart failure, 
effect of digitalis on dyspnea and on venti- 
lation of ambulatory patients with regular 
cardiac rhythm, 1203 


Harrison, T R — Coniinued 

Congestive heart failure, measurement of 
ventilation as a test of cardiac function, 
377 

Heart disease, congenital, causation and pre- 
vention of, 721 

congestive heart failure, effect of digitalis on 
d>spnea and on ventilation of ambulatorv 
patients with regular cardiac rhjtlim, 1203 
displacement, isolated congenital dextro- 
cardia report of 2 cases with unusual 
electrocardiographic findings , anatomic, 
clinical, roentgenologic and electrocardio- 
graphic studies of cases reported in litera- 
ture, 083, 866 

effects of exercise on experimental cardiac 
infarction, 1118 

electrocardiographic studies of effect of ana- 
phylaxis on cardiac mechanism, 1098 
failure, congestive measurement of ventila- 
tion as a test of cardiac function, 377 
failure , effects of treatment with oxygen in 
cardiac failure, 325 

function , measurement of ventilation as a 
test of cardiac function, 377 
mechanism of production of subauricular 
beats by digitalis bodies, 262 
paravertebral injections of alcohol for relief 
of cardiac pain review of experience to 
date and report of 9 cases, 140 
tumors of heart and pericardium pathologv 
sj mptomatology and report of 9 cases, 627 
Heath, C W Staining of reticulocjtcs bv 
brilliant cresyl blue, influence of solutions 
of substances, 133 

Hetherington, H W Tuberculosis in medical 
and college students, 734 
Histamme, cutaneous histamine reaction -as test 
for collateral circulation in extremities, 769 
Hu, C K Cutaneous lesions associated with 
a deficiency in vitamin A in man, 507 
Hypertension See under Blood pressure 
Hj perthj roidism See under Thjroid 
Hjpertrophy, normal asjmmetry and unilateral 
hjTertrophj, 676 

Infectious disease, acute, importance of staff 
count in, 399 

Inflammation^, a protective mechanism, 249 
Insulin, some effects on normal rabbits pro- 
tected from hypoglycemia bj ingestion of 
dextrose, 70 

Intestine oxygenation in idiopathic ulcerative 
colitis, preliminary report, 786 
Iodine, development of refractoriness to iodine 
in exophthalmic goiter, 351 

Jacobi, H G Infective neuronitis, report of 
case with autopsy observations, 764 
Janecek, E Metabolism in mjotonia atro- 
phica, 569 

Jeghers, H 3 Dextrose level of arterial and 
venous blood in arthritis, 801 
Jones, E Congestive heart failure, measure- 
ment of ventilation as a test of cardiac 
function, 377 

(Casabach, H H Effect of ingestion of water 
and of dextrose solution on emptjing time 
of normal stomach, 1237 

Keefer, C S Treatment for secondary anemia , 
studj of results in 126 cases, 537 



INDEX TO VOLUME 48 


Kidnejs, azotemia with normal hidnejs found 
post mortem , possible cause low blood 
pressure after operation, 1231 
elimination of phenolsulphonphthalem by 
Indney, influence of pathoiogic changes in 
liver, 598 

malignant nephrosclerosis, pathogenesis of, 
199 

relation between so-calied renal lesions of 
plasmapheresis in dogs and contracted Kid- 
neys in man, 286 

Kramer D W Tuberculous meningitis with 
syphiiitic meningitis terminating in recov- 
erj , review of literature, 576 

Landis, HEM Tuberculosis in medical and 
college students, 734 

Leavell H K Brucella infection of brief 
duration , report of case, 1186 
Endermic reaction in Brucella infections, 1192 

Leiter, L Experimental nephrotic edema, 1 
Kelation between so-called renal lesions of 
plasmapheresis in dogs and contracted Kid- 
nejs in man, 286 

Levy H L Paravertebral injections of alco- 
hol for relief of cardiac pain, review of 
experience to date and report of 9 cases, 
146 

Lewis K C Hole of artichoKes in diet of 
diabetic patient, 313 

Lichtman S S Cinchophen oxidation test of 
function of hepatic celis, 98 
Isoiated congenital dextrocardia , report of 
2 cases with unusuai eiectrocardiographic 
findings , anatomic clinicai, roentgenologic 
and electrocardiographic studies of cases 
reported in literature 683, 866 

Lieberson A Mechanism of production of 
subauricular beats by digitalis bodies, 262 

Liver, acute toxic hepatitis (acute yellow 
atrophj ) due to cinchophen , report of case, 
82 

cinchophen oxidation test of function of 
hepatic cells, 98 

elimination of phenolsulphonphthalem bj 
Kidnej influence of pathologic changes in 
liver, 598 

functional aspects of regenerated hepatic 
tissue, 667 

Loeb, R P Insulin , some effects on normal 
rabbits protected from hjpogljcemia bj 
ingestion of dextrose 70 

Longwell, B B Role of artichoKes in diet of 
diabetic patient, 313 

Lungs, primarj carcinoma of, pathognomonic 
signs in diagnosis, 1126 
Tuberculosis See Tuberculosis, pulmonary 

McPhedran, E M Tuberculosis in medical 
and college students, 734 

Slarble, A Calcium and phosphorus metabo- 
lism in a case of nontropical sprue with 
associated tetany, 515 

Aleningitis, tuberculous with sjpliilitic menin- 
gitis terminating in recovery, review of 
literature 576 

Meningococcal endocarditis, subacute, 1110 

MenKIn V Inflammation , a protectii e 
mechanism, 249 

Jletabolism In mjotonia atrophica report of 
ease, 569 


Metabolism — Continued 

Influence of solar rajs on metabolism, with 
special reference to sulphur and to pel- 
lagra in southern United States, 907 
respiratory quotient, its use in diagnosis of 
diabetes mellitus, 470 

Meyer, J Tumors of suprarenal gland with 
special reference to carcinoma of cortex, 
report of case, 611 

Miller, J K Metabolism in myotomia atro- 
phica, 569 

Moore, E L Paravertebral injections of alco- 
hol for relief of cardiac pain , review of 
experience to date and report of 9 cases, 
146 

Morgulis, S Metabolism in myotonia atro- 
phica, leport of case, 569 
Morrell C A Chemistry and metabolism in 
experimental jellow fever in Macacus 
rhesus , tolerance tests for dextrose, 301 
Morton, J J Sympathetic activity in certain 
diseases, especially those of the peripheral 
circulation 1065 

Moschcowitz, E Relation of achlorhydria to 
pernicious anemia, 171 , correction, 720 
Mouth, prophylaxis of postoperative pneumonia 
by oral hjgiene, preliminary report, 1225 
Myotonia atrophica, metabolism in, report of 
case, 569 

Nephritis, experimental nephrotic edema, 1 
Nephrosclerosis See under Kidney 
Nervous system, sympathetic activity in certain 
diseases, especially those of peripheral cir- 
culation, 1005 

Neuronitis, infective, report of case with 
autopsy observations, 704 
Nichols E G Insulin, some effects on normal 
rabbits protected from hjpoglycemia by 
ingestion of dextrose, 70 
Novick, N Native complement in hypertliy- 
roidisra, 462 


Opie, E L Tuberculosis in medical and 
college students, 734 

Oxygen, effects of treatment with oxygen in 
cardiac failure, 325 

intestinal oxjgenation in idiopathic ulcerative 
colitis, preliminary report, 786 

Paige, B H Insulin, some effects on normal 
rabbits protected from hypoglycemia by 
ingestion of dextrose, 70 
Pancreas, blood amylase in relation to disease 
of 828 

Pellagra, influence of solar rays on metabolism, 
with special reference to sulphur and to 
pellagra in southern United States, 907 
Peptic ulcer associated with pulmonary tuber- 
culosis, 1198 % 

Pericardium, tumors of heart and pathology, 
sj mptomatologj and report of 9 cases, 627 
Phenolsulphonphthalein, elimination of phenol- 
sulphonplithaleln by Kidney influence of 
pathologic changes in liver, 598 
Phosphorus and calcium metabolism in a case 
of nontropical sprue witli associated tetany, 
515 

significance of potassium-calcium ratio and 
of inorganic phosphorus and cholesterol of 
blood serum in arterial hypertension, 478 



INDEX TO VOLUME 4S 


rhjsostigmlne sallcjlatc in e\ ophthalmic goiter, 
ohsorvations on 200 cases, 126 
Pigment metabolism and destruction of blood in 
Addison’s (pernicious) anemia, 1156 
Plasmapheresis, relation bet^seen so-called renal 
lesions of plasmapheresis in dogs and con- 
tracted kldnejs in man, 286 
Pneumonia, metabolism in , excretion of anions 
and of total base in pneumonia, 440 
metabolism in , mechanism of retention of 
chloride in pneumonia, 418 
prophylaxis of postoperative pneumonia by 
oral hygiene, preliminary report, 1225 
Poleiskl, J Primary carcinoma of lungs, 
pathognomonic signs in diagnosis, 1126 
Poliomyelitis, is poliomyelitis a disease of 
lymphatic sjstem, 33 

Polland, W S Unexplained gastric anacldity, 
412 

Poston, M Brucella infection of brief dura- 
tion , report of case, 1186 
Potassium-calcium, significance of potassium- 
calcium ratio and of inorganic phosphorus 
and cholesterol of blood serum in arterial 
hypertension, 478 


Reid, W D Causation and prevention of con- 
genital heart disease, 721 
Rendu-Osler-Weber’s disease, 836 
Respiratory quotient See Metabolism 
Reticulocytes, staining of reticulocytes by bril- 
liant cresyl blue infiuence of solutions of 
substances, 133 

Reveno, W S Cause of exophthalmic goiter, 
a biochemical hypothesis, 592 
Rheumatic fever, use of amidopyrine in, 1138 
Richards, C V Agranulocy themia , report of 
case vvith complete antemortem and post- 
mortem records, 793 

Richards, D IV , Jr , Effects of treatment with 
oxygen in cardiac failure, 325 


Schultz, M P Use of amidopyrine in rheu- 
matic fever, 1138 

Scott, W J M Sympathetic activity in certain 
diseases, especially those of the peripheral 
circulation, 1065 

Shapiro, U L Peptic ulcer, association vvith 
pulmonary tuberculosis, 1198 

Shapiro, P P Malignant nephrosclerosis, 

pathogenesis, 199 

Shelburne, S A Experimental edema, 51 

Sherwood, H H Acute toxic hepatitis (acute 
yellow atrophy) due to cinchophen, report 
of case 82 

Sherwood, K K Acute toxic hepatitis (acute 
yellow atrophy) due to cinchophen, report 
of case, 82 

Sllbert, S Thfombo-angiitis obliterans (Buer- 
ger) , chemistry of blood, 500 

Skin, cutaneous lesions associated with a defi- 
ciency in vitamin A in man, 507 

Smith, C Circulation in arteriovenous aneu- 
rysm before and after operation, 187 

Smith,! H Influence of solar rays on metabo- 
lism with special reference to sulphur and 
to pellagra in southern United States, 907 

Sprue, calcium and phosphorus metabolism in 
a case of nontropical sprue with associated 
tetany, 515 


Stecher, R M Dextrose level of arterial and 
venous blood In arthritis, 801 
Stein, B B Tuberculous meningitis vvith 
syphilitic meningitis terminating in re- 
covery, review of literature, 576 
Stein, H B Role of artichokes in diet of 
diabetic patient, 313 

Stomach acidity, relation of achlorhydria to 
pernicious anemia, 171 , correction, 720 
anacldity, unexplained, 412 
effect of ingestion of water and of dextrose 
solution on emptying time of normal 
stomach, 1237 
Ulcer Sec Peptic Ulcer 
Sturtevant, M Peptic ulcer, association with 
pulmonary tuberculosis, 1198 
Sugar, significance of cerebrospinal fluid sugai, 
447 

Sulphur, Influence of solar rays on metabolism, 
with special reference to sulphur and to 
pellagra in southern United States, 907 
Sun, influence of solar rays on metabolism, 
with special reference to sulphur and to 
pellagra in southern United States, 907 
Suprarenal gland, tumors of suprarenal gland 
with special reference to carcinoma of coi- 
tex report of case, 611 
Surface area, body types in women of infertile 
constitution, value of surface area piopoi- 
tions as an anthropometric method of 
differentiation, 234 

Sutton, D C Effects of exercise on experi- 
mental cardiac infarction, 1118 
Syphilis, tuberculous meningitis with syphilitic 
meningitis terminating in recovery, review 
of literature, 576 

Tetany calcium and phosphorus metabolism in a 
case of nontropical sprue vvith associated 
tetany, 515 

Thompson, P K Exophthalmic goiter, devel- 
opment of refractoriness to iodine, 351 
Thompson, W 0 Exophthalmic goiter, devel- 
opment of refractoriness to iodine, 351 
Tluombo-angiitis obliterans (Buerger), chem- 
istry of blood in, 500 

Thyroid, native complement in hyperthyroidism 
402 

Tillman, A J B Determination of plasma 
volume, rate of dye mixing, 821 

Tuberculosis in medical and college students, 
734 

pulmonary, peptic ulcer associated with, 1198 
Turley, P C Congestive heart failure , effect 
of digitalis on dyspnea and on ventilation 
of ambulatory patients with regular cardiac 
rhythm, 1203 

Congestive heart failure, measurement of 
ventilation as a test of cardiac function, 
377 


Ultraviolet rays, influence of solar rays on 
metabolism, with spdeial reference to sul- 
phur and to pellagra in southern United 
States, 907 

Vitamin, cutaneous lesions associated with a 
deficiency in vitamin A in man, 507 

Wahl, E P Significance of cerebrospinal fluid 
sugar, 446 



INDEX TO VOLUME 48 


■^^akem'in A JI Chemistry and metabolism 
in experimental yellow fever in Macacus 
rhesus , tolerance tests for dextrose, 301 

Water, effect of ingestion of water and of 
dextrose solution on emptying time of nor- 
mal stomach, 1237 

■Weinstein, A A Significance of potassium- 
calcium ratio and of inorganic phosphorus 
and cholesterol of blood serum in arterial 
hypertension, 478 

Weiss, A Staff count, its Importance in acute 
infectious disease, 399 

Weiss, S Significance of potassium-calcium 
ratio and of inorganic phosphorus and 
cholesterol of blood serum in arterial 
hypertension, 478 


■Whipple, G H Elimination of phenolsulphon- 
phthalein by kidney , influence of pathologic 
changes In liver, 598 

Wishnofsky, 51 Respiratory quotient. Its use 
in diagnosis of diabetes mellitus, 470 

Yang, C S Treatment for secondary anemia, 
study of results in 126 cases, 537 

Yater, W 51 Tumors of heart and peri- 
cardium, pathology symptomatology and 
report of 9 cases, 627 

Yellow fever, chemistry and metabolism in 
experimental yellow fever in 5Iacacus 
rhesus, tolerance tests for dextrose, 301 

Young, A 5Ietabollsm in mjotonia atrophica, 
report of case, 569 




